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MULTIMOLECULAR DEVICES, DRUG DELIVERY SYSTEMS AND 
10 SINGLE-MOLECULE SELECTION 

Field of the Invention 

This mvenlion relates to muliimolecular de\ ices and drug deliven- systems which 
optionally comprise s\Tiiheiic nucleotide molecules and to single-molecule selection methods 

15 for identifying useful s\Tilhelic nucleotide molecules, e.g., aptamers, ribozNines, catalytic 
DNA, nucleotide catal>*sts, nucleotide ligands and nucleotide receptOTS. Applications include 
pharmaceuticals, medical devices, diagnostics, cosmetics, dentistry, nutraceuticais, 
agriceuticals, em ironmental remediatiai, industrial polymers, packaging, microelectronics, 
nanofabricaiion and molecular manufacturing. Molecular adhesives, adherents, adsorbents 

20 and multimolecular switches, sensors, transducers and delivery- systems are produced by 
template-directed assembly. 

Bacltground of the Invention 

The development of effective and reliable multimolecular devices such as receptor- 
25 activated drug delivery* systems, molecular-scale sensors, switches, transducers and 
acniatore requires control over the relative position of molecules within multimolecular 
strucnires. Molecules may be connected within multimolecular structtu^ by covalem 
attachment (i.e., chemical bonds) or noncovalent means, including self-assembly, specific 
binding, h>tridizatiCHi of complementary nucleic acid sequences, ionic bonding, 
30 hydrophobic interactions, intercalation, chelation and cocxdination of metals. However, 
precise, reproducible and scalable methods for production of useful synthetic multimolecular 
devices with positional control at the molecular scale have heretofore been lacking. 

A general method is described in Cubicciotti, U,S. 5,656.739 which provides for 
controlled placement of two or more selected molecules in appropriate spatial proximity to 
35 produce cooperative molecular assemUies. This method yields self -assembling 
multimolecular heteropol>Tneric complexes through use of SNUthetic heteropolymers or 
multivalent heteropoUineric hybrid strucmres comprising nucleotides having defined 
sequence segments with affinities for identified molecules. Cubicciotti, U.S. 5,656,739 
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descnbes the advantages of synthetic oligonucleotides as assembly templates. Template- 
ordered molecules cooperate when brought into close spatial proximit>'. much like ordered 
biological molecules in living systems. Nucleic acids are particularly useful assembly 
templates not just because they can be selected to specifically bind nonoligonucleoude target 
5 molecules with high affinity (e.g., Tuerk and Gold (1990) Science 249:505-51.0). nor 
because thev can hybridize by complementary base painng. More importam, only nucleic 
acids are capable both of hybndizing other nucleic acids and specifically binding 
nonoligonucleolide molecules. Both forms of recognition can be programmably synthesized 
into in a single molecule or hybridized .nto a single discrete sirucmre. A single nucleic acid 
10 molecule with two differem binding specificities (i.e.. a synthetic heteropolymer) can be 
synthesized at the push of a bunon and two or more s>-ntheiic heteropolymets can be 
hvbridizablv linked to one another. 

Nucleoiide-directed molecular assembly provides a general solution to the problem 
of molecular positioning by exploiting several key attributes of synthetic oligonucleotides. 
15 First, oligonucleotides can be designed or.selected, e.g., b>- combinatorial methods, to 
specificallv bind molecules of nearly any size and shape with high affinity, not simply other, 
nucleic acids as once thought Second, the informational properties of nucleotides enable 
reproducible svnthesisof single oligonucleotides having tvvo or more specific binding sites 
in defined spatial proximity within a single molecule. Third, the base pairing properties of 
20 nucleotides enable the splicing of any two useful binding sequences into a single discrete 
strucwre (i.e., a bifuncuonal hybrid structure) by programmable self-a:.sembly (i.e., 
hvbndizauon). Fourth, oligonucleotides comprising modified nucleotides can be used to 
attach selected molecules (e.g.. ligands, receptors, stnictural or effector molecules) at the 3' 
or 5- ends or at defined posiuons along the nucleotide sequence. Multivalent assembly 
25 strtictures can therrforc be designed to specifically recognize different effector molecules and 
position them to perfonn cooperative functions such as energy transfer, signal transducuon, 
multistep enzN-matic processing, molecular sensing, molecular switching and targeted or 
triggered molecular delivery, release and/or activation, e.g.. as particularly useful in drtig 
dcliverx-. Designer oligonucleotides can be cost-effecuvely produced at large scale using 
30 automated svnihesizers, and they can be convemently attached to surfaces and 
nanosirticnires to pennit self-assembly of immobilized devices and on-chip molecular 



arrays. 



Single-stranded and double-stiaiidcd nucleic acids capable of specifically binding 
nonoligonucleotide molecules may be identified and produced using in vivo or in vitro 
35 methods known in the art (for reviews, cf. Famulok and Szostak { 1993) In: Nucleic Acids 
and Molecular Biohgy, pp. 271-284 Springer- Veriag. Berlin; Fitzwater et al. (1996) 
Methods in Enzymology 267:275-301; Gold et al. (1995) Anna. Rev. Biochem. 64:763- 
797 For example, recombinant DNA methods have been used to produce modified host 
cells comprising stochastic synthetic polynucleotides for screemng and selection of DNA or 



NSOOCIO: <WO 99601 69A1J_> 



wo 99/60169 



PCTAJS99/1I215 



. - 3 - 

RNA sequences showing a desired propeny (Ballivet et al., GB 2 183 661 A; Kauffman ei 
al.. U.S. 5,763,192). A variety of in vitro selection methods has also been described for 
identifying nucleic acids that bind nonoligonucleotide molecules (e.g.. Gold ei al., U.S. 
5,270.163). including single-stranded RNA (e.g., Ellington and Szostak (1990) Nature 
5 346:818-822), smgle-stranded DNA (e.g.. Bock et al. ( 1992) Nature 255:564-566. Wang et 
al. (1993) Biochemistry 32:1899-1904), and double-stranded DNA (e.g.. Biehnska et al. 
(1990) Science 250:997-1000) aptamers. By way of example, single-stranded and double- 
siianded RNA and DNA aptamers can be selected in vitro by methods including, but not 
limited to, those of Blington el al. (Hlington and Szostak. Nature 346:818-822) and 
10 Biehnska (Bielinska et al. (1990) Science 250:997-1000) which rely on enrichment cycles 
comprising alternating amplification and selection steps. Following is a brief summary of 
these methods, for illustrative purposes only. For DNA aptamers, a library of 
oligonucleotide sequences (sequence iibrarv) is synthesized comprising a randomized 
nucleotide region flanked by two defined poK-merase chain reaction (PGR) pnmer binding 
15 sites. The sequence librar>- is amplified to yield double-stranded PGR products. To select for 
double-stranded DNA aptamers, the resultant population of double-stranded PGR products, 
is then incubated (sans primer biotinylation and strand separation) with an identified target 
molecule (e.g., a target protein). For preparation of single-stranded aptamers, the 
downstream PGR primer is biounylated at the 5- end and PGR products are applied to an 
20 avidin-agarose column. Single-stranded DNA oligonucleoUdes are recovered by elution with 
a weakly basic buffer. Resultant DNA strands are incubated with a selected target molecule 
(e.g., a target protein) either in solution or bound to a filter, chromatography matri.x or other 
solid support. Nonbinding sequences are separated from binding sequences, e.g.. by 
selective eluuon, filiation, electrophoresis or alternative means of partitioning bound from 
25 free fractions. Typically, preselection and/or counlerselection steps are included in the 
selection protocol to select against (i.e., remove or discard) nucleic acids that bind to 
nontarget substances (e.g., to a filter, gel, plastic surface or other partitioning matrix) and/or 
irrelevant epitopes (e.g., the membrane portion of a membrane-associated receptor). Target- 
bound DNA sequences are then dissociated from the target and subjected to another round of 
30 PGR amplification, binding and partitioning. After several rounds of enrichment and/or 
affinity maturation, the final amplification step may be performed with modified primers 
allowing subcloning into a plasmid restriction site and sequencing of target-binding positive 
clones. For RNA aptamers, the oligonucleotide sequence library is amplified to yield 
double-stianded PGR pioducts containing a T7 bacteriophage polymerase promoter site. 
35 RNA molecules are then produced by in vitro transcription using T7 RNA polymerase. The 
resultant single-su^nded RNA pool is then incubated with the selected target molecule, 
optionally immobilized. Target-bound RNA is separated from unbound RNA, e.g., by 
elution, filtration or alternative partitioning procedures, and reverse transcribed to DNA. The 
resultant population of DNA molecules is then amplified to produce a second round of 
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double-stranded DNA prcxlucts comprising the T7 RNA polymerase promoter. After 
repeated cycles of amplification and selection, modified PGR primers are used to allow 
subcloning into a plasmid and sequencing of selected clones. 

Prior art methods for identifying nonnanirally occurring nucleic acid molecules 
5 capable of specifically binding nonoligonucleotide targets (i.e., for selecting aptamers or 
nucleic acid ligands) rely particularly on the steps of partitioning and amplificaiion. For 
example. Gold et al., U.S. 5,270,163 describe a method referred to as SELEX (Systematic 
Evolution of Ligands by Exponential Enrichment) for the identification of nucleic acid 
ligands as follows. A candidate mixture of single-stranded nucleic acids having regions of 
10 randomized sequence is contacted with a target compound and those nucleic acids having an 
increased affinity to the target are partitioned from the remainder of the candidate mixture. 
The partitioned nucleic acids are amplified to yield a ligand enriched mixture. Additional 
SELEX -based methods are disclosed, e.g., in Gold et al., U.S. 5,567,588; Gold et al., 
U.S. 5,705337; Gold et al., U.S. 5,707,796; Jensen et al., U.S. 5,712375; Eaton et al., 
15 U.S. 5,723,289; and Eaton et al., U.S. 5,723,592). Gold et al., U.S., 5,475,096 describe 
nucleic acid ligands having a specific binding affinity for three dimensional molecular 
targets. Molecular targets include proteins selected from the group consisting of nucleic acid 
polymerase, bacteriophage coat protein, serine protease, mammalian receptor, mammalian 
hormone, mammalian growth factor, ribosomal protein, and viral rev protein. 
20 SELEX-based methods for in vitro selection of nucleic acid ligands against 

complex targets (e.g., red cell ghosts) have also been described (Vant-Hull et al. (1998) /, 
MoL Biol 275:579-597; Mortis et al. (1998) Proc, NatL Acad. Sci, USA 95:2902-2907). 

Bock et al. ( 1992; Nature 255:564-566) describe a method for identifymg oligomer 
sequences that specifically bind target biomolecules involving complexation of the support- 
25 bound target molecule with a mixture of oligonucleotides containing random sequences and 
sequences that can ser^ e as primers for PGR . The target-oligonucieotide complexes are then 
separated from the suppcMt and the uncomplexed oligonucleotides, and the complexed 
oligonucleotides are recovered and subsequently amplified using PGR. The recovered 
oligonucleotides may be sequenced and subjected to successive rounds of selection using 
30 complexation, separation, amplification and recovery . 

Szostak et ai., U.S. 5,631.146 describe single-suanded DNA molecules which 
bind adenosine and methods for their production and isolation. Also disclosed are methods 
for producing and isolating related catalytic DNA mdecules. 

Griffin et al., U.S. 5,756,291 disclose a method for identifying oligomer 
35 sequences, optionally comprising modified base, which specifically bind target molecules 
such as serum proteins, kinins, eicosanoids and extracellular proteins. 

Unnatural bases and modified nucleotides comprising synthetic oligonucleotides 
are useful as diagnostic reagents, molecular biology tools and probes of nucleic acid 
structure and function (e.g., Goodchild (1990) Bioconjugate Chemistry 7:165-187; 
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Beaucage ei al. (1993) Tetrahedron 49: 1925- 1963). Prior art modified nucleotides include 
natural bases linked by spacers arms to molecular reporters (e.g.. spin labels, Huorophores. 
quenchers. DNP. digoxigenin and bioun) and analogs designed to enhance duplex stabilit>- 
and chemical stabilit>'. Novel bases (i.e., analogs) include unnatural nucleotides designed to 

5 increase coding diversity (e.g.. Piccirilli et al. (1990) Nature 343:33-31. Nucleic acids are 
useful materials for programmable self-assembly, because the bases and backbone can be 
extensively modified without compromising molecular recognition properties, stability or 
hybridizauon rates and without destroying the relaUvely rigid structure of short duplex 
oligonucleotides. Several nucleotide positions can be modified by addition of tethered 

10 substituents without significanUy affecting duplex stnicture (e.g.. the N2 and N7 positions 
of guanine, the N6 and N7 positions of adenine, C5 position of cytosine. thymidine and 
uracil, and the N4 position of cytosine). The prior art does not, however, describe 
nucleoude analogs and modified nucleotides designed to inuxxluce heretofore unknown 
ligands and receptors to enable functional coupling between pairs of specific binding pairs. 

15 Also, nucleotides can be modified by covalent attachment of ligands (e.g., DNP, 
digoxigenin. biotin) and receptors (e.g., anybodies), but the art is silent with respect to use . 
of nucleotides as positioning devices for attachment of multiple specific binding pairs in 
suitable juxtaposition to enable functional coupling between, e.g.. two specifically bound 
effector molecules. 

20 Burke et al., U.S. 5,637,459 disclose methods for producing chimeric nucleic acid 

molecules witii two or more functions. A chimeric librarv- is generated in which individual 
chimeric molecules combine the fiinctions or characteristics of two or more parent libraries, 
each parem library having been selected through the SELEX procedure for a specific 
function or feature. The chimeric molecules are useful, e.g., in providing improved affinities 
25 for a target molecule, enhancing the assembly of multi-component molecules, and promoting 
reactions bem een two molecules. 

Shih et al., U.S. 5.589332 describe a system for using a ribozyme as a diagnostic 
tool for detecting the presence of a nucleic acid, protein or other molecule. The fonnation of 
an active ribozv-me and cleavage of an assayable marker is dependent on the presence or 
30 absence of the specific target molecule. The essential component is a ribozyme specifically 
but reversibly binding a selected target in combination with a labeled co-target, preferably 
immobilized on a support structure. 

Burke et al., U.S. 5,663,064 disclose ribozymes having a ligand binding site 
formed as a double-stranded RNA and a single-stranded loop, the ribozyme having 
35 enzymatic activity to cleave and/or ligate itself or a separate RNA molecule. 

Meade et al., U.S. 5,705.348 and U.S. 5,591,578 describe nucleic acid mediated 
election transfer relying on the selective covalent modification of nucleic acids with redox 
active moieties such as transition metal complexes. Bectfon donor and electron acceptor 
moieties arc covalenUy bound to the ribose-phosphate backbone of the nucleic add at 
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predetermined positions. The resulting complexes represent a series of new derivati%es that 
are biomolecular templates capable of transferring electrons o\eT very large distances at 
extremely fast rates. 

Tyagi et al. (1996; Nature (Biotechnology.) 74:303-308) describe novel nucleic 
5 acid probes that recognize and report the presence of specific nucleic acids in homogeneous 
solutions. These probes undergo a spontaneous fluorogenic conformational change when 
they hybridize to their targets. 

Lizardi etal., U.S. 5,118,801 describe a probe for the detection of a nucleic acid 
target sequence containing a molecular switch comprising three essential elements: a probe 
10 sequence of 20-60 nucleotides surrounded by switch sequences of 10-40 nucleotides which 
are complementary to each other, wherein the state of the switch is useful for selectively 
generating a detectable signal if the probe is hybridized to a target. 

Molecular imprinting techniques have been described which allow for the 
preparation of polymeric receptors capable of binding small molecules with affinities and 
1 5 seiecti\ ities of the same order as those obser\'ed in the binding of antigens by antibodies (for 
review, see Sellergren (1997) Trends Anal. Chem. 76.310-320). Shea ci al. (1993; J. Am.- 
Chem. Soc. 775:3368-3369) describe imprint polymers with sax)ng binding sites to 
nucleotide bases. The technique employed is referred to as template polymerization, 
whereby functional monomers are preorganized about a template or imprinting monomer 
20 prior to their copolymerization with crosslinking polymers. Spivak et al. (1998; 
Macromolecules 57:2160-2165) describe specific binding of both RNA and DNA nucleotide 
bases by imprint polymers. 

Single-molecule detection has been demonstrated with a \ariety of signal- 
generating species. Detection of individual molecules of low molecular weight fiuorophores 
25 (e.g., rhodamine) and high molecular weight phycobiliproieins (e.g., phycoerythrin) has 
been reported (e.g., Sheia et al. (1990) Chem. Phys. Utt. 774:553-557; Soper et al. ( 1991) 
Anal. Chem. 63:432-437; Peck et al. (1989) Proc. Natl. Acad. Sci. USA 86:4087-4091). 

Ulmer, U.S. 5,674,743 discloses a method for single-molecule DNA sequencing. 
The method includes the steps of a) using a processing exonudease to cleave from a single 
30 DNA strand the next available single nucleotide on the; su^d. b) transporting the single 
nucleotide away from the DNA strand, c) incorporating the single nucleotide in a 
Huorescence-enhancing matrix, d) irradiating the single nucleotide to cause it to Huoresce, e) 
detecting the Huorescence, 0 identifying the single nucleotide by its fluorescence, and g) 
repeating steps a) to 0 indefinitely (e.g., until the DNA strand is fully cleaved or until a 
35 desired length of the DNA is sequenced). 

Optical trapping methods are known in the art (e.g.. Ashkin et al. (1987) Nature 
530:769-771; Frej et al. (1993) J. Chem. Phys. 9«;7552-7564; Sasaki et al. (1991) Opt. 
Utt. 76: 1463-1465; Sasaki etal. (1992) Appl. Phys. Utt. 60:807-809), as are SPM-based 
detection and extraction methods (e.g., Henderson (1992) Nucleic Acids Research 20.445- 
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447, Hansma et al. (1992) Science 256:1180-1184; Weisenhom et al. (1990) Scanning 

Microscopy 4: 5 1 1 -5 1 6). 

DNA fragment sizing and sorting by laser-induced nuorescence is disclosed by 
Hammond et al.. U.S. 5,558.998. A method is provided for sizing DNA fragments using 
5 high speed detection systems such as How cytometry to determine unique charactenstics of 
DNA pieces from a sample. 

Nanometer-scale measurements on individual DNA and protein molecules have 
been demonstrated, e.g., using AFM and STM. enabling resolution of interactions between 
individual DNA and protein molecules (e.g.. Allen et al. (1993) Biochemistry 32:9390). 
10 Linker DNA of chromatin fibers was shown to comprise 3780 base pairs with 18 tandem 
repeats of 208-base pair positioning sequences. Measured changes in fiber length were 
consistent with 146-base pair DNA wrapped 1.75 times around a riudeosome core. Protein- 
induced DNA bending in response to binding of RNA polymerase and Cro protein 
molecules has also been resolved (Rees et al. ( 1993) Science 260. 1646). Direct imaging of 
15 DNA-protein complexes enabled discrimination between specific and nonspecific binding. 

STM has been used to image synthetic oligonucleotide duplexes alone or with, 
intercalattvely-bound metal complexes with submolecular resolution (Kim et al., (1991) 
Scanning Microscopy 5:3ll-3\6) and to study the interactions of DNA with fluorescent 
dyes (Zareie et al. ( 1998) Int. J. Biol. Macromol. 2J:7-10). STM images of nucleotide bases 
20 have been obtained with atomic resolution (Allen et al. (1991) Scanning Microscopy 5:625- 
630). STM and AFM have also been used to image synthetic DNAs and DNA protamine 
complexes (Allen et al. ( 1993) Scanning Microscopy 7:563-574; Allen et al. ( 1997) Nucleic 
Acids Res. 25:2221-2226; Jing et al. (1993) Proc. Natl. Acad. Sci. USA 90:8934-8938). 

In efforts to sequence DNA by AFM imaging, nucleotide resolution ot single- 
25 stranded DNA has been achieved (Hansma et al. (1991b) /. Vac. Set. Techn. B 9:1282- 
1284). AFM has also been used to image DNA fragments marked at specific locations witii 
protein tags (Murray etal. (1993) Proc. Natl. Acad. Sci. USA 90:3811-3814). 

Nakagawa, U.S. 5.730,940 describes a scanning probe microscope which 
examines or processes direcUy the structure of surfaces at the atomic level, including a 
30 method for processing molecules and a method for detecting DNA base arrangement DNA 
base anangement is detecting using any one of three or four kinds of probes fixed with any 
one of four different kinds of molecules interacting with four kinds of bases comprising 
DNA, by approaching single stranded DNA fixed on a substrate, measuring the force and 
scanning by AI^ at an atomic level of precision. 
35 Colton et al., U.S. 5372,930 provide a sensor for ultra-low concentration of 

chemical recognition relying on a force transducer, a tip coupled to the force transducer and 
a substrate positioned for force interaction with the force transducer tip. where the substrate 
and tip are chemically modified with antigens, antibodies, nucleic. acids, or chelating agents 
so that there is a specific force interaction between the up and the substrate in the presence of 
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the target species and a measurably different force interaction in the absence of the target 
species. 

Hoizrichter et al., U.S. 5,620,854 disclose a method for identifying biochemical 
and chemical reactions and micromechanical processes using nanoinechanical and electronic 
5 signal identificauon, i.e., STM or AFM. The method can be used to observe dynamic 
biological processes in real time and in a natural environment, such as polymerase 
processing of DNA for deteiinining the sequence of a DNA molecule. 

Bgen et al. (1994) Proc. Natl. Acad. Sci. 97:5740-5747 review applications of 
single-molecule sorting in diagnostics and evolutionarv' biotechnology. They disclose a 
10 method based on fluorescence correlauon spectroscopy for detection and identification of 
single molecules in solution, including nucleic acid molecules. For detecting probe-target 
interactions, the method requires that the probe and target molecules be nuorescently 
labeled. They do not describe library selection of a single s>-nthetic nucleotide molecule 
(e.g., an aptamer), nor do they contemplate the use and advanti^cs of proximal probing 
15 techniques (e.g., SPM, STM, AFM) for direcUy measuring binding properties and 
manipulating individual binding partners. 

Chan et al., U.S. 5,168.057 and U.S. 5,661,019 describe trifunctional conjugates 
having three chemical moieties attached through a spacer moietv". At least nvo of the 
chemical moieties are relatively small molecules, usually less than about 7,000 daltons in 
20 size. The spacer moiety is selected to impart certain steric properties to the conjugate. The 
utility of nucleotide based molecular scaffolds as positioning devices is neither described nor 
reasonably contemplated. 

There remains a need in the art for methods to select single synthetic nucleotide 
molecules with desired recognition and/or positioning properties for incorporation into 
25 useful products (e.g.. muliimolecular devices and drug delivery systems), to provide 
multimolecular devices comprising the selected synthetic nucleotide molecules, and to 
prepare nonnudeotide imprints and mimetics of these nucleotide-based multimolecular 
devices for use in different envircMiments and applications. 

30 Objects of the Invention 

An object of the present invention is to provide synthetic heteropolyraers which 
comprise a first synthetic defined sequence segment capable of specifically recognizing and 
covalentiy attaching a first selected nonoligonucleotide molecule and a second defined 
sequence segment attached to the first synthetic defined sequence segment with the proviso 
35 that the second defined sequence segment is not a fixed, unconjugated primer-annealing 
sequence. The first and second defined sequence segments may be attached directiy or via a 
nucleotide spacer. The first selected nonoligonucleotide molecule recognized by the first 
synthetic defined sequence segment may comprise a specific binding partner of the first 
synthetic defined sequence segment or a specifically attractive surface feature. The second 
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defined sequence segment is capable of specifically recognizing a second selected 
nonoligonucleoiide molecule such as a specific binding partner or specifically attractive 
surface feature or specifically recognizing a selected nucleic acid sequence. In this structure, 
the second defiiied sequence segmem may also be capable of hybridizing to a selected 
5 nucleic acid sequence or may comprise a conjugated defined sequence segment. 

Another object of the present invention is to pro\ide heteropolymeric discrete 
strucmres which comprise a synthetic aptamer and a defined sequence segment which is 
attached to the svnihetic aptamer and which is not a fi.xed, unconjugated primer-annealing 
sequence or a ribozyme. In these structures, the defined sequence segment may comprise an 
10 aptamer, a nucleotide sequence which specifically binds or hybridizes to a selected nucleic 
acid sequence, or a conjugated defined sequence segment The defined sequence segment 
can be attached directly to the synthetic aptamer or via a nucleotide spacer. 

.Another object of the present invention is to provide molecular adsorbents which 
comprise a solid phase and a multivalent template having a first specific recognition element 
15 specifically attached via the first specific recognition element to the solid phase. The solid 
phase comprises an amphibious or specifically attracti\e surface. It is preferred that the. 
muluvalent template of the molecular adsorbent have at least one other second specific 
recogniuon elemem capable of specifically recognizing a selected nonoligonucleotide 
molecule or of specifically hybridizing a selected nucleic acid sequence. 
2 0 Another object of the present invention is to provide multimolecular adherents which 

comprise a specific recognition element and a first selected molecule attached to the specific 
recognition element The specific recognition element specifically attaches, via specific 
binding or shape-specific recognition, the firet selected molecule to a second selected 
molecule of an amphibious or specifically attractive surface. Thus, in one embodiment the 
25 second selected molecule comprises a specific binding partner of the specific recognition 
element while in a second embodiment, the second selected molecule comprises a 
specifically anractive surface feature. 

Another object of the present invention is to provide multimolecular adhesives which 
comprise at least two specific recognition elements capable of specifically attaching and 
30 joining at least two surfaces. At least one of the specific recognition elements of the 
molecular adhesive specifically recognizes an amphibious or specifically attractive surface. 
Specific recognition of the specific recogniuon element may result from specific binding of 
the recognition element to a selected molecule of an amphibious surface, specific recognition 
of a surface feanire erf a specifically attractive surface or 
35 hybridization to a nucleic acid sequence immobilized to the amphibious or specifically 
attractive surface. 

Another object of the present invention is to provide multivalent heteropolymeric 
hybrid sirucnires which comprise a first synthetic heteropolymer hybridizably linked to a 
second synthetic heteropolymer. Each synthetic heteropolymer of this structure comprises at 
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least two defined sequence segments. At least one defined sequence segment of the first 
synthetic heieropolymer specifically recognizes a selected nonoligonucieotide molecule 
which may be a specific binding partner of this defined sequence segment or a specifically 
attractive surface feature specifically recognized by this defined sequence segment In one 
5 embodiment of this structure, at least one defined sequence segment oS the second synthetic 
heieropolymer either specifically recognizes a selected nonoligonucieotide molecule such as a 
specific binding partner of this defined sequence segment or a specifically attractive surface 
feature specifically recognized by this defined sequence segment or specifically binds a 
selected nucleic acid sequence. In another embodiment of this structure, at least two defined 
10 sequence segments of the second synthetic heteropolymer h\ bridize to selected nucleic acid 
sequences. At least one defined sequence segment of the second synthetic heteropolymer 
may also comprise a conjugated defined sequence segment. 

Another object of the present invention is to proMde aptamefic multimolecular 
de\ ices which comprise a nonaptameric specific recognition pair and a synthetic aptamer 
15 which specifically binds or shape-specifically recognizes an aptamer target wherein a 
member of the nonaptameric specific recogniticm pair is conjugated to the aptamer to form a- 
conjugated aptamer. In a preferred mode of operation, the conjugated aptamer positions the 
aptamer tai^t for functional coupling with a member of the nonaptameric specific 
recognition pair. It is preferred tiiat the conjugated aptamer or the aptamer target comprises 
20 an effector tnolecule. In one embodiment, the nonaptameric specific recognition pair 
comprises a nucleotide ligand or a nucleotide receptor. The aptamer target may comprise a 
specific binding partner of the synthetic aptamer or a suri"ace feanire of a specifically 
attractive surt'ace. 

Another object of the present invention is to pro\ ide tethered specific recognition 
25 devices which comprise a molecular scaffold and at least two members of a specific binding 
pair or shape-specific recognition pair. The members of the specific binding pair or shape- 
specific recognition pair are covalently or pseudoirreversibly attached to the mdecular 
scalTold. The members of the specific binding pair or shape-specific recognition pair may 
also be specifically and directly attached to each other. It is preferred that at least one member 
30 of the specific binding pair or shape-specific recognition pair comprise an effector molecule. 
The molecular scaffold of the teUiercd specific recognition device may comprise a 
nonnucleotide molecule or a replicatable nucleotide. One or more members of the speafic 
binding jair or shape-specific recognition pair of this device may also comprise an aptamer. 
Another object of the present invention is to provide tethered specific recognition 
35 devices which comprise a molecular scaffold and at least four members of two specific 
recognition pairs. Each member of the specific recognition pairs is covalendy or 
pseudoirreversibly attached to the molecular scaffold of the device. In this device at least one 
of the two specific recognition pairs comprises a specific binding pair, a shape-specific 
recognition pair or hybridizaHe selected nucleic acid sequences. Further, specific attachment 
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Of the two membere of one specific recognition pair precludes specific atiachmem of the two 

members of another pair. 

Another object of the present invention is to pro\ide paired specific recognition 
devices which comprise a nucleoude-based molecular scaffold and at least mo different 
5 specific recognition pairs conjugated to the molecular scaffold. At least one specific 
recognition pair of this device is capable of specific binding or shape-specific recognition 
and it is preferred that at least one member of one of the t%vo specific recognition pairs 
comprise an effector molecule. The molecular scaffold preferably comprises a replicatable 
nucleotide. The molecular scaffold of this device is preferably capable of positioning the 
1 0 specific recognition pairs for funcuonal coupling between at least two members of the at least 
two specific recognition paiis. At least one member of the two specific recognition pairs may 
comprise an aptamer. In one embodiment of the paired specific recognition device at least 
one member of the at least two specific recognition pairs is specifically and directly attached 
to its specific recognition partner. 
15 Another object of the present invention is to provide a nonaptameric multimolecular 

device which comprises a conjugated defined sequence segment and at least two different, 
specific binding paire or shape-specific recognition pairs. In this device, one member of each 
pair is conjugated lo the conjugated defined sequence segment The conjugated member of at 
least one of the pairs may comprise a modified nucleotide, a nucleotide ligand or nucleotide 
20 receptor. The conjugated defined sequence segment of this device is capable of posiuoning 
the specific binding pairs or shape-specific recognition pairs for functional coupling between 
at least two members of the pairs. 

Another object of the present invention is to provide multimolecular drug deliver\^ 
svstems which comprise a multimolecular sirucmre selected from a group consisting of 
25 aptameric multimolecular devices, heteropolymeric discrete structures, multivalent 
heteropolymeric hybrid structures, synthetic heteropolv-mers. tethered specific recognition 
devices, paired specific recognition devices, nonaptameric multimolecular devices, 
multivalent imprints, and immobilized multimolecular deliverv' systems wherein the 
multimolecular stiucmrc contains a sv-nthetic receptor that specifically recognizes a drug or a 
30 selected target. 

Another object of the present invention is to provide immobilized multimolecular 
structures which comprise a solid support and a multimolecular strucnire immobilized to the 
solid support wherein the multimolecular structure is selected from the group consisting of 
aptameric multimolecular devices, heteropolymeric discrete stmctures, multivalent 
35 heteropolymeric hybrid sirucmres, synthetic heteropolymers. tethered specific recognition 
devices, paired specific recognition devices, nonaptameric multimolecular devices, 
multivalent molecular strucmres. multivalent imprints, and multimolecular drug delivers' 
systems. 
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Another object of the present invention is to provide shape-specific probes which 
comprise a nucleoude-based or nonnucleotide recognition element capable of recognizing a 
specifically attractive surface feature. Preferably, the recognition element comprises an 
aptamer. a nucleotide ligand or nucleotide receptor, or a selectable nonoligonucleotide 
5 mdecule. 

Another object of the present invenUon is to pro\'ide multivalent imprints of 
mulumolecular structures which comprise at least two specific recognition elements 
imprinted from the multimolecular structure. Multimolecular stnictures for preparation of 
these imprints may comprise aptameric multimolecular devices, heteropolymenc discrete 
10 structures, muluvalent heteropolymenc hybrid structures, synthetic heieropolymers, or 
nonaptameric multimolecular devices. In one embodimem of the multivalent imprint, the 
imprinted specific recognition elements from the multimolecular structure mimic the specific 
recognition elements of the multimolecular structure. In another embodiment, the imprinted 
specific recognition elements from the multimolecular structure are capable of specifically 
15 recognizing the specific recognition elements of the multimolecular structure. 

Another object of the present invention is to provide paired nucleotide-nonnucleotide- 
mapping libraries which comprise a plurality of selected specific recognition parmers capable 
of transposing a selected population of selected nonoligonucleotide molecules into 
refriicatable nucleotide sequences. 
20 Another object of the present invention is to provide methods for selecting a single 

synthetic nucleotide molecule capable of recognizing a labeled or unlabeled selected target 
molecule comprising detecting a signal resulting from the proxinaity or functional coupling 
between the single synthetic nucleotide and the selected target molecule. In this meUiod, it is 
preferred that the single synthetic nucleotide be selected from a nucleotide library . It is also 
25 preferred that the single synthetic nucleotide molecule comprise a molecule selected from the 
group consisting of an aptamer, a ribozyme, a catalytic nucleotide, a catal>iic DNA 
molecule, a nucleotide catalyst, a nucleotide ligand and a nucleotide receptor. The single 
synthetic nucleotide molecule may comprise an aptamer that specifically recognizes the 
selected target molecule and is capable of forming a single discrete strucmre comprising the 
30 aptamer and the selected target molecule or an aptamer-effector conjugate Uiat specifically 
recognizes the selected target molecule and is capable of forming a single discrete structure 
comprising the aptamer-effector conjugate and the selected target molecule while the selected 
target molecule may comprise an effector molecule. In one embodiihent, the single synUietic 
nucleotide molecule comprises a catalytic nucleotide such as a ribozyme. a catalytic DNA 
35 molecule or a nucleotide catalyst In anoUier embodiment, the single synthetic nucleotide 
molecule comprises a shape-specific probe that specifically recognizes a surface feature of a 
specifically atuactive surface. In this method the signal may be detected by a variety of 
techniques including, but not limited to. optical microscopy. How cytometry or detection of a 
photon emitted by a signal-generating species. In a preferred embodiment, the signal is 
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detected bs single-mdecule detection via scanning probe microscopy. These methods may 
lurther comprise amplification of the selected single synthetic nucleotide molecule or 
nucleotide sequence determination of the selected single s>-nihetic nucleotide molecule. 

Another object of the present invention is to provide methods for identifving a 
specifically aaraciive surface feature which comprises contacting a surface library with a 
selected shape-specific recognition panner and detecting attachment of the selected shape- 
specific recognition panner lo a specifically attractive surface feature of the surface librar>'. 
In a preferred embodiment, the shape-specific recognition partner is deiectaWy labeled and 
attachment is detected by single-mc4ecule detection. 



Summary of the Invention 

The instant invention describes nucleoude-based and nonnucleotide mullimolecular 
structures and mulumolecular devices capable of positioning at least two specific recognition 
pairs (e.g.. a pair of specific binding pairs, optionally including at least one shape 
15 recognition pair) within close spatial proximity (i.e., within functional coupling distance). 
Disclosed herein are molecular templates comprising, imprinted from and/or mimicking 
multiN alent nucleotides capable of positioning and functionally coupling muluple nucleotide 
or nonnucleotide molecules, at least one being a selected nonoligonucleotide molecule, to 
provide nucleoude-based and nonnucleoude multimolecular switches, mulumolecular 
20 transducers, multimolecular sensors, molecular delivery systems, dnig delivery systems, 
tethered recosmition devices, molecular adsorbents, molecular adhesives and molecular 
adherents. " Commercial applications include, e.g.. therapeutics, diagnostics, 
cosmetics, agriceuticals. nutraceuticals, industrial materials, consumer electronics, 
molecular-scale batteries, packaging, environmental remediation, sensors, transducers and 
25 actuators for aeronautic and military use. smart polymers, adsorbents, adhesives. adherents, 
lubricants, biomimeiically funciionalized organic and inorganic semiconductors and carbon- 
based, silicon-based and gallium arsenide-based membranes, devices and systems. 
Nudt»tide-based templates can be designed to recognize strucwral molecules comprising. 
e.g.. surfaces, parts, products and packaging materials for use as willfully re^ ersible and 
30 reu^le molecular adhesives, adherents and adsorbents), and even biological surfaces. For 
example, template-directed deliverv- of selected molecules to keratin comprising hair and 
nails enables precise and specific, willfully reversible, application of safe, lasting, yet 
reversible cosmetic dyes, pigments, liners and structural elements. Selection of ligands. 
receptors, aptamers and shape recognition partners from diverse sequence, chemical and 
35 shape recognition libraries enables novel cosmeceuUcal foraiulations capable of specifically 
decorating, strengthening, protecting, lengthening and thickening hair, nails, eyebrows and 
evelashes. 

Templates comprising, e.g., synthetic heteropolymers and multimolecular devices 
may also be used as dopants, additives, active ingredients or smart polymers comprising 
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commercial chemicals, materials, products and packages, paniculariy poK-mers, gels, 
foams, woven and nonwoven fibers, plastics, papers, rubbers, coatings, coverings, paints, 
powders, sealants, adhesives and even recycled materials, parucularly as sman polymers 
capable of pertorming useful functions. Useful functions include, for example, siimulus- 
5 responsive molecular delivery, switching, sensing, transducing, and actuating changes in 
the internal or external envircmment or, alternatively, in the properties of the host material 
(e.g.. shape, color, temperature, conductivity, porosit\-, rigidit>-. adhesiveness, odor). 

The ability to intimately combine within a single mulnmolecular structure at least 
two specific recognition pairs with different specificities (i.e., with control over the relative 
10 positions of or distance between constituent molecules) enables the design and construction 
of molecular-scale devices including multimolecular switches, sensors, transducers, 
molecular delivery systems, adsorbents, adherents, adhesi^ es and lubricants. Multivalent 
molecular siructui«s of the instant invention enable controlled positioning and ojHionally 
covalent crosslinJang of multiple specific recognition pairs within suitaWe intermolecular 
15 proximity to provide functional coupling between members of the recognition pairs. Selected 
effeaor molecules can be conjugated to defined positions of nucleotide or nonnucleotide' 
scaffolds to enaWe both controlled intermolecular positioning and functional coupling of 
conjugated effector molecules and recognition pairs. Selected molecules positioned by 
specific recognition using affinity-based templates can subsequently be permanently or 
20 pseudoirreversiWy attached to one another or to the template using well known chemical and 
enzymatic methods, e.g., covalent crosslinking reagents, ligases and synthetases. 
Alternatively, template-ordered molecules can be used as imprintable hosts for cast-and- 
mold printing of nonnucleotide (e.g., plastic) templates and assemblies shaped by templated 
guest molecules. Two members of a specific binding or shape recognition pair or even two 
25 different specific recognition pairs can be tethered by pseudoirreversible (e.g., covalent, 
avidin/biotin-based, ot hybridization-based) incorporation w ithin a nucleotide-based. 
apiamcric, heteropolymeric or nonnucleotide device in such manner that specific binding and 
unbinding between covalently connected molecules provides a useful, potentially reversible 
function (e.g., stimulus-responsive binary- switching) without dissociative or diffusional 
30 loss or dilution of participating binding partners. The same tethering principle is applied in 
hybridization-based multimolecular switches comprising two (or more) pairs of 
complementary defined sequence segments, all four constituent defined sequence segments 
being covalently attached to one another within a single discrete structure, wherein either one 
pair or the other is hybridized at any given time. Such tethered specific recognition devices 
35 may be nucleotide-based (i.e., reiving on nucleotides for molecular positioning), or they 
may be constructed using a nauiucleoUde scaffold, preferably a copdymer or 
heteropolvincr or flexible polymer comprising folds, bends, joints, hinges or branchpoints. 
Nudeotide-directed functional coupling between selected molecules or specific recognition 
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pairs can be used as a screening and selecuon criterion for identification of defined sequence 
segments with desired recognition properties. 

The present invention extends the teachings of Cubicciotti. U.S. 5,656,739 by 
providing specificallv and optionaJly covalenUy assembled multimolecular structures and 
5 multimolecular devices compnsmg MOLECULAR MACHINES. The term MOLECULAR 
MACHINES is used herein to describe claimed compositions and methods of the instant 
invention, including aptameric multimolecular devices, heteropolvmeric discrete suaictures, 
multimolecular delivery systems, multivalent molecular structures, molecular adsorbents, 
multimolecular adherents, multimolecular adhesives, multivalent heteropolymeric hybrid 
10 structures, s%Tithetic heieropolymers, tethered specific recognition devices, paired specific 
recognition ' devices, nonaptameric multimolecular devices, multivalent imprints, 
multimolecular drug deliver^' systems, shape-specific probes, paired nucleotide- 
nonnucleotide mapping libraries, paired nucleoiide-nonnucleotide library-selected single 
synthetic nucleotides, paired nucleotide-nonnuclebtide library -selected single syntiieuc 
15 nucleotide imprints, immobilized multimolecular structures, specifically attractive surface 
features, multimolecular switches, multimolecular sensors, multimolecular transducers,, 
paired templates and paired MOLECULAR MACHINES. 

ImportanUv, the instant invention discloses methods and devices which transpose the 
useful products and properties described by Cubicciotti, U.S. 5,656,739 into nonnucleotide 
20 multimolecular devices, including multivalent imprints of nudeottde-based multimolecular 
structures and specifically recognizable surface features comprising heretofore chemically 
bland, optionally inorganic substrates, e.g.. silicon and gallium arsenide. 

A variety of molecular-scale switches, sensors, transducers, molecular delivery 
systems and specific, willfully reversible, adsortjents, adhesives and adherents are 
25 assembled from multivalent templates and scaffolds. The multivalent propeny of the 
templates provides control over the relative positions of molecules within cooperative 
molecular assemblies comprising useful multimolecular devices. Innovative properties and 
products are achieved by template-directed assembly of cooperative pairs and groups ol 
molecules. SN-nthetic heteiopolymers are particularly well-suited template materials. This 
30 invention is not specifically drawn to the properties of the template material, itself, but to the 
wealth of useful devices that can be assembled by combining selected molecules within a 
single multimolecular stnicniie. A central inventive step of this disclosure is demonstration 
of the variety- of different devices that can be prepared by eitiier 1 ) teUiering two members of 
at least one specific binding or shape-specific recognition pair to a common molecular 
35 scaffold, so the recognition panners may exist in either of two states (e.g., specifically 
bound or dissociated) or 2) combining at least two different specific recognition pairs within 
a single multimolecular strucmre, i.e., a pair of specific recognition paiis, each pair having 
two members. 
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Combining a selected pair of selected specific recognition pairs within a single 
mulumolecular structure provides a vast array of useful MOLECULAR MACHINES. 
Disclosed herein are multimolecular switches, multimolecular sensors, multimolecular 
transducers and multimolecular drug delivery systems prepared from paired specific 

5 recognition pairs, advantageously from multimolecular strucmres which can be imprinted or 
transposed bet%veen nucleotide and nonnucleotide molecular media via paired nucleoude- 
nonnucleotide libraries. Multimolecular devices preferably comprise or mimic synthetic 
heieropolvmers disclosed in Cubicciotti. U.S. 5,656,739. Nonnucleot.de molecular 
scaffolds and templates are preferably bivalent, multivalent or heterofunctional molecules or 

10 polymers prepared by chemical, enzvinatic and/or biological methods or mechanochemical 
synthesis, e.g., by nanomanipulation using proximal probes (e.g.. SPM). Precursors may 
be biological, nonbiological, natural or synthetic monomers, polymers and/or selected 
molecules. 

Multimolecular drug delivery systems comprising receptor-targeted prodrugs and 
15 tethered prodrug delivery configurations, provide the art with highly specific control over 
drug action b^■ combining prodrug compositions with receptor targeting, triggered release • 
and localized activation mechanisms. They are particularly useful, e.g., for improvmg 
safetv'. targeting efficiency, compliance and efficacy for indications benefiting from single- 
dose! ' prolonged action or tissue-specific formulauons, e.g., allergy, asthma, cancer. 
20 infection, vascular occlusion, pscHiasis, arthritis and fibrosis. 

Tethered specific recognition devices provide the benefits of specific recognition 
without the N anabilitv' and limitations of diffusible binding partners. They are paniculariy 
useful, e.g., for molecular counting, scarch-and-destroy and sense-and-actuate applicattons, 
e.g., drug deliver\- and environmental remediation. 
25 Multimolecular adhesives provide the an with suri^ace bonding products relying on 

specific binding, complementary base pairing and specific surface attractivitN . They are 
particulariv useful. e.g., for precise bonding of micromachined and/or nanofabncated 
surfaces in proper register and for willfully reversible assembly of products and packages. 

Multimolecular adherents provide the art with products that specifically attach a 
30 selected molecule or molecular function to a selected structure or surface, advantageously in 
a willfullv reversible manner. They arc particulariy useful. e.g., for feature-directed 
patterning of electroactive and photoactive molecules on semiconductors. CDs and DVDs; 
safe and reversible targeting of cosmetics to hair and nails; and site-specific repair of skin 
inegularities. scars, wrinkles and discolorations using target-directed cosmeceuucals, 
35 structural molecules and pigments. 

Molecular adsorbents provide the an with materials and surfaces having 
specifically atiracuve surface features, i.e., structural shapes capable of specifically 
recognizing and attaching selected molecules (i.e.. ligands. receptors, structural molecules 
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and effector molecules). They are particularly useful, e.g., as semiconductor substrates and 
separation media for industrial purification and processing. 

The invention also provides the an with single-molecule selection methods that 
enable a heretofore unknown recognition property to be identified with single-molecule 
5 resolution from a highly diverse nucleic acid library, including isolation, characterization and 
sequenang of the individual selected nucleotide. Single-molecule selection methods are 
particularly useful, e.g.. for selecting aptameric and catalytic nucleotides for assembly of 
tunctionally coupled multimolecular devices and MOLECULAR MACHINES of the 
invention. 

10 The invention also provides the art with a method for screening and selecting 

diverse nucleotide libraries for functional coupling betxveen a donor and an acceptor species. 
Selection based upon functional coupling is particularly useful, e.g., for identifying 
cooperative molecular interactions (i.e., energy transfer, enzyme channeling) that cannot be 
resolved with prior art screening and selection methods. . 
15 The invention also provides tite art with meUiods for transposing or imprinting 

nucleoude-based MOLECULAR MACHINES into diverse (i.e.. plastic) nonnucleotide 
molecular media. Nucleotide-nonnucleotide imprinting and transposition arc particulariy 
useful, e.g., for development of MOLECULAR MACHINES for industrial use, i.e., 
nonbiomedical applications. 
20 The invention also provides tiie art witii a metiiod to select a nucleotide-based 

mapping librarv capable of encoding tiie recognition properties of a selected population of 
selected nonnucleotide molecules in die fonn of a Ubrary of amplifiable nucleoude 
sequences. Mapping libraries are particularly useful, e.g., for amplifying, archiving and 
monitonng the recogmtion properties of a clinically relevant population of selected 
25 nonnucleotide molecules, e.g.. antibodies, disease maricers or T cell antigens. 

Detailed Description of the Invention 

GLOSSARY 

The term "acniator" means a device or process capable of providing or performing 
30 useful work (i.e.. a desirable result) in response to a stimulus, e.g., an input from a user, 
operator, svstem. environment, sensor or transducer, including, but not limited to, useful 
work resulting from, accompanying or mediated by the binding or activity of a nucleoude or 
nonnucleotide molecule composing or capable of attaching to a nucleotide-based or 
nonnucleotide multimolecular device. Actuators of tiie present invention include devices 
35 which comprise, attach, are functionally coupled to or are capable of functionally coupling to 
multimolecular s^xuctures, MOLECULAR MACHINES, paired MOLECULAR 
MACHINES and systems comprising pairs, groups or networks of paired MOLECULAR 
MACHINES. 

"AFM" is an abbreviation for "atomic force microscopy." 
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The term "amphibious surface" means a nonnucleotide surface that is able to 
operate m or on land, air, water, in a vacuum, or in a gaseous, liquid, aqueous or organic 
nuid solution, glass or suspension, or in any combination of these environments, so long 
as the surface is not a reagent-binding or analyte-binding separation matrix of a speafic 
5 binding or nucleic acid hybridization assay or a molecular recognition site capable of 
specificallv binding or hybridizing a drug or honnone (i.e., a drug or hormone receptor or 
pathophysiological target). "Operate." when used in reference to an amphibious surface, 
means to perform a useful function."Nonnucleoude surface." when used in reference to an 
amphibious surface, means a surface that does not compnse a heretofore known nucleotide- 
10 based molecular lecognition partner unless and unul modified by a multimolecular device ot 
the instant mvenuon. A nonnucleotide amphibious surface modified by attachment ol a 
nucleotide-based multimolecular device of the instant invention remains an amphibious 
surface despite the anachment of nucleotides comprising the multimolecular device. 
Amphibious surfaces are limited to nomiucleotide surf-aces to distinguish molecular adhereni- 
15 modified and molecular adhesive-modified surf^aces of the instant invention from biological 
and nonbiological hybridizable suri^aces (e.g., immobilized nucleic acid ^obes and targe«^- 
in situ biological nucleic acids, and biological recognition sites comprismg immobilized 
nucleic acids). Amphibious surfaces include, for example, suri^aces of matenals, parts, 
packaging, packing materials, people, products, vehicles, airports, train and bus stations, 
20 wholesale and retail establishments and media and commumcation systems used for 
research, development, manufacture, packaging, marketing, distribution, sales and support 
of commercial goods and services. Also included are surfaces comprising the homes, 
gardens, households, families and pets of consumers of commercial goods and services, 
excluding anv home or office testing product surfaces to which molecular recogniuon 
25 reagents are immobilized for use in specific binding or hybridization assays and further 
excluding immobUized or membrane-associated drug and honnone receptors that specifically 
bind or hybridize to drugs or hormones. Docking surfaces of membrane-associated receptors 
for drugs and hormones that specifically bind or hybridize to pathophysiological targets are 
not amphibious surf-aces, nor are solid supports comprising diagnostic or analytical 
30 antibodies, antigens, DNA probes, drugs, hormones or hormone receptors immobilized on 
latex particles. EUSA plates, chromatography supports, electrophoretic gels, polystyrene 
beads or immunochromatogmphic membranes (e.g.. in home pregnancy tests). By contrast, 
the reagem surface of a home glucose test is an amphibious surface, as heretofore known 
home glucose tests do not comprise immobilized specific binding or hybridization reagents. 
35 A specificallv attractive biological surf-ace or structural shape is also an amphibious surface, 
so long as it is not a docking suiface of a pathophysiological receptor that hybridizes or 
specifically binds a drug or honnone. 

■fhc tenns "amplify- and "amplification." when used in reference to a molecule, 
nucleotide, target, population or library, refer to methods, processes, reagents or devices for 
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increasing the amount, mass, concentration, detectabilitv- or number of copies of at least one 
molecule, group, sequence, member, subset or structure comprising the molecule, 
nucleotide, target, population or library. 

The term "aptamer" means a single-stranded, partially single-stranded, panially 
5 double-stranded or double-stranded nucleotide sequence, advantageously a replicatable 
nucleotide sequence, capable ol" specifically recognizing a selected nonoligonudeotide 
molecule or group of molecules by a mechanism other than Watson-Crick base pairing or 
triplex formation. Aptamers disclosed herein include, without limitation, defined sequence 
segments and sequences comprising nucleotides, ribonucleotides, deoxyribonucleotides, 
10 nucleotide analogs, modified nucleotides and nucleotides comprising backbone 
modifications, branchpoints and nonnucleotide residues, groups or bridges. Aptamers of the 
invention include partially and fully single-siitmded and double-stranded nucleotide 
molecules and sequences, synthetic RNA. DNA and chimeric nucleotides, hybrids, 
duplexes, heteroduplexes, and any ribonucleotide, deox>Tibonucleotide or chimeric 
15 counterpart thereof and/or corresponding complementary- sequence, promoter or primer- 
annealing sequence needed to amplify, transcribe or replicate all or port of the aptamer. 
molecule or sequence. Unlike prior art aptamers that specifically bind to soluble, insoluble or 
immobilized selected molecules (e.g., ligands, receptors and effector molecules), the instant 
term "aptamer" includes nucleotides capable of shape-specific recognition of chemically 
20 bland suifaces by a mechanism disnnctiy different from specific binding. Aptamers of the 
instant invention may be selected to specifically recognize a stmcniral shape or surface 
feature comprising a chemically bland surface (e.g., a silicon chip or carbon nanostructure) 
rather than the chemical identity of a selected target molecule (e.g., a ligand or receptor). An 
aptamer may be a molecule unto itself or a sequence segment comprising a nucleotide 
25 molecule or group of molecules, e.g., a defined sequence segment or aptameric sequence 
comprising a syntiietic heteropol\-mer. multivalent heteropolymeric hybrid structure or 
aptameric multimolecular device. 

The terms "aptamer-based" and "aptameric" mean comprising at least one svittiietic 

aptamer. 

30 The term "aptamer conjugate" means a conjugate comprising an aptamer and a 

second molecule and includes aptamers comprising nonnucleotide molecules or moieties 
introduced during as well as after nucleotide synthesis, e.g., by incorporation of den\ atized 
nucleotides, nucleosides or nucleoside phosphates, labeled nucleotides, modified 
nucleotides, biounylated nucleotides, nucleotide ligands. nucleotide receptors, conjugated 

35 nucleotides, nucleotides derivatized with nonnucleotide ligands or receptors, nonnucleotide 
molecules and Uie like. An aptamer conjugate is referred to herein as a syntiietic aptamer if 
the conjugate is not heretofore known to. occur in nanire, regardless of tiie nucleotide 
sequence comprising the aptamer. 
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The term "aptameric device" means a discrete aptamcric structure capable of 
providing functional coupling between a selected molecule which is not an aptamer target, 
preferably a hgand or receptor or a molecule conjugated to a ligand or receptor, and a 
selected molecule which is an aptamer target, preferably an effector molecule and more 
5 prefeiablv a signal-generating species or a drtig. Aptameric dev.ces of the instant mvention 
include rnultimolecular switches, multimolecular transducers, multimolecular sensors and 
multimolecular delivery systems comprising syntheuc aptamers or aptamer conjugates. 

The term "aptameric discrete structure" means a discrete structure compnsmg at 

least one aptamer. . ■ , 

10 The term "aptamenc multimolecular complex" refers to a synthetic heteropolymer 

compnsing two different aptamer molecules direcUy attached or conjugated to one another or 
.ndirectlv attached via a linker (i.e., a nucleotide spacer, spacer molecule, ol.gonucleoude 
linker or nonnucleotide linker) that joins the aptamers to font, a discrete heteropolymenc 
structure capable of specifically recognizing two different nonoligonudeoude molecules. 
15 The term "aptameric multimolecular device" means a multimolecular device 

comprising at least one synthetic aptamer comprising a conjugated selected molecule which 
is not the aptamer target, preferably a conjugated nonaptameric specific recogmuon pair 
comprising a selected molecule capable of functional coupling with the aptamer target, 
prefemblv an effector molecule comprising the aptamer target. The syntheuc aptamer is 
20 capable of specifically recognizing the aptamer target which preferably comprises an effector 
molecule so as to provide functional coupling between a selected molecule composing the 
conjugated nonaptameric specific recognition pair and the aptamer target The conjugat«i 
selected molecule mav comprise a modified nucleotide, or it may be attached to a nucleotide 
composing the aptamer. preferably by direct and site-specific attachment In a preferr«l 
25 embodiment the conjugated selected molecule comprises a nucleotide ligand or nucleotide 
receptor, i.e., a nucleotide Ubiary-selecied modified nucleotide capable of specifically 
binding or shape-specifically recognizing a selected target which is not the aptamer target. In 
this wav, the aptameric multimolecular device comprises at least two nucleoude library- 
selected recognition elements which specifically recognize tvvo differem selected molecules, 
30 i e an aptamer which specifically recognizes an aptamer target and a nucleotide hgand or 
receptor which specifically recogmzes a selected molecule or a surface feature of a 
specifically attractive surf-ace. Advantageously, the conjugated selected molecule (i.e., first 
conjugated selected molecule) is indiiecUy attached to the aptamer, e.g., by specific 
,«x>gnition of a second conjugated selected molecule which is directly and preferably site- 
35 specifically and covalently attached to a nucleotide comprising the aptamer. In this mode ot 
operation,' the aptameric multimolecular device comprises a paired specific recogmuon 
device wherein the first and second conjugated selected molecules comprise a first specific 
recognition pair and the synthetic aptamer and its selected target molecule comprise a second 
specific recognition pair. The aptameric multimolecular device is advantageously capable of 
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positioning a member of one specific recognition pair for functional coupling with a member 
of another specific recognition pair. At least one member of at least one specific recogmuon 
pairof an aptamenc multimolecular device preferably compnses an effector molecule, more 
preferably a dnig or a signal-generaUng spec.es. An aptamenc multimolecular device 
5 preferabh compnses at least one replicatable nucleotide sequence. 

The term "aptameric tethered specific recognition de%ice" means an aptamenc 
multimolecular device having t%vo members of a nonaptameric specific recognition pair 
conjugated to an apiameiic molecular scaffold. At least one member of the aptameric and/or 
nonaptameric specific recognition pair preferably comprises an effector molecule, e.g.. the 
10 member is detectaWy labeled or specifically attached to a releasable or activatable effector 
(e.g., a prodrug or a signal-generating species). 

The ternis "aptamer target." "target." and "selected target," when used in relerence 
to aptamer-iareet binding, m&iis a seiecied moiecuie, group of molecules or surface feature 
specificallv recognized by an aptamer. The ternis "aptamer" and "aptamer target" as used 
15 herein are disunguished from "ligands" and "receptors." Although an aptamer and its target 
are specific binding panners and members of a specific binding pair, they are not referred to 
herein as ligands and receptors. The inventor's lexicography in this regard is intended to 
avoid confiict and contradiction arising from inconsistenc>- and/or ambiguity in prior art 
usage of the terms ligand and receptor with respect to nucleic acids and aptamers. For 
20 example, the tems "nucleic acid ligand" "nucleic acid receptor." "nucleic acid anUbody" and 
-aptamer" are sometimes used interchangeably or inclusively in the art. olten without 
explicit, precise or commonly accepted definiUons. The tenns "aptamer." "ligand." 
"receptor" and "bispecific nucleic acid antibody" are independenUy and autonomously 
defined herein to avoid misinterpretation of the instant specification vis-a-vis prior art 
25 terminology. 

The term "assortment" means a plurality comprising at least mo different 
members. 

The teim "attachment site" refers to covalent and/or noncovalent site-directed 
attachment b>- methods including, but not limited to, specific recognition and site-specific 

30 chemical modification.. 

The terms "bifunctional." "trifunciional" and "multifunctional," when used in 
reference to a svnthetic heteropolymer or multivalent heteiopoh-meric hybrid stnicture, mean 
bivalent, irivaleni or multivalent, as the case may be, or comprising two. three or multiple 
specific recognition elements, defined sequence segments or attachment sites. When used in 

35 reference to a multivalent heteropolymeric hybrid stnicture, the terms "bifuncuonal," 
"irifuncuonal" and "multifunctional" refer to the number of available and/or unoccupied 
specific recognition sites, excluding the hybridized sequences joining the constituent 
syntheuc heteropolvmeis. When used in reference to a molecule, linker or crosslinlang 
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reagent, the tenns "bifuncuonal," triftincuonal" and -.multifuncuonal" are used to describe 
the number of funcuonal. chemical or reacuve groups. 

The terms "binding domain" and "recognition domain." when used m reference to 
a molecule or group of molecules, mean the portion or region of the molecule or group of 
5 molecules which is directly involved in binding or recognition. 

The terms "binding element/ "recogmtion element" and "element," when used m 
reference to a specified activity, recognition property or docking surface of a molecule, 
group segmem, template, scaffold, multimolecular structure or imprint, mean the operauve 
site region, epitope, binding domain, catalytic domain, selected molecule, defined sequence 
10 segment or nucleotide comprising the specified activitj'. recognition property or docking 

surface. . 

The term "binding partner" means a member of a specific recogniuon pair, each 

member of the specific recognition pair being a binding parmer of the other member. 

The term "biocompatible- means an exogenous substance that is relauvel> 

15 nonimmunogenic. nonallergenic and nontoxic when administered, contacted or attached to a 

. biological organism. 

The term "biological recognition site" means a cataluic site, hybridizauon site or 
specific binding site comprising a member of a heretofore known recognition pair whose 
members are biological molecules or biological nucleic acid sequences. A biological 
20 recognidon site is the operative recognition site of a first biological molecule or biological 
nucleic acid sequence heretofore known to be a molecular recognition partner or catalytic 
recognition partner of a second biological molecule or biological nucleic aad sequence. 

The term "biomimetic" means a nucleotide-based or nonnudeoude molecule, 
group, multimolecular stnicture or method that mimics a biological molecule, group ol 
25 molecules, structure, system, process or principle, i.e.. a mimetic ot a biological 
composition, process or principle. 

The term "bispecific nucleic add antibody" means a bivalent or muluvalent 
aptameric device, synthetic heteropolymer or multimolecular device which is capable of 
specificallv recognizing at least two different target molecules. 
30 The term "bivalent," when used in reference to nudeoude-based, aptamenc and 

heteropolvmeric discrete structures and nomiucleotide multimolecular structures, templates, 
scaffolds'and molecules, means comprising at least two recogniuon sites or, m certain 
instances, precisely two spedfic recognition sites. When used in reference to a mulDvalem. 
heteropolvmeric hvbrid strucnue, the terms "bivalent" and "bifuncuonal" mean precisely nvo 
35 defined ««,uence segments capable of specific recognition, exduding the hybnd.zed 
sequences joining the constituent synthetic heteropolymers. In general, the term bivalent 
means at least bivalent and indudes multivalent and multifunctional composiuons, e.g.. 
multivalent multimolecular structures. 
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The term "bivalent imprini" means a multivalent imprint comprising at least two 
recognition elements and optionally precisely two recognition elements. 

The term "catalvtic recogmtion partner" refers to a molecule or group of molecules 
capable of interacting selectively in a catalytic or enzymatic reaction, i.e.. a reaction 
5 involving the making or breaking of covalent bonds which can be accelerated, facilitated, 
enhanced, modulated or practically enabled by a natural or s>nthetic enzN^e or catalyst 
Selective interaction means that a molecule preferentially modulates the activity of a particular 
enzvme or caialvst relative to other molecules in a reaction mixnire or that catalyac or 
enzvmaiic activity is modulated by relatively low concentrations of the molecule, preferably 
10 less than about miUimolar concentrations. Molecules capable of selective interacnon in 
catalvtic and enz^'matic reactions include, without limitation, catalysts, enzymes, nbozymes. 
catal^c DNA. nucleotide catalysts, enzv^ne substrates, products, mtemiediates, coenzymes, 
cofactors, prosthetic groups, coordinated and chelated groups, regulatory factors, stenc anu 
allosteric modulators, inhibitors, mediators, and the like. Catalvlic recogniuon partners 
15 include, without limitauon, protein and nonprotein, nucleotide and nonnucleot.de, organic 
and inorganic, specific, relatively unspecific and class-specific enzymes, catalysts 
substrates, coenzymes, cofactors, inhibitors, regulatory factors and mimetics, impnnts and 
conjugates thereof and progeny therefrom. 

The term "catalvtic recogniuon site" refers to a recognition site composing a 
20 catalytic recognition partn;r, i.e.. a molecule or gn^p of molecules that intei^ts selecuvely 
in a catalvtic or enzxinatic reaction. 

The term' "chemically bland," when used in reference to a substance, structure, 
surface or material, means a composition comprising a nonbiological, synthetic, nonliving, 
planar or flat surface that is not heretofore known to comprise a specific binding, 
25 hvbridization or catalvtic recognition site or a plurality of different recognition sites or a 
number of different recogmtion sites which exceeds the number of different molecular 
species comprising the surface, strricnire or material. Chemically bland surfaces, structures 
and materials include, for example and without limitauon. semiconductors, svTitheUc 
(organic) metals, svnthetic semiconductors, insulators and dopants; meuils. alloys, elements. 
30 compounds and minerals; synthetic, cleaved, etched, lithographed, printed, machined and 
mictofabricated slides, substrates, devices, suiictures and surfaces; industnal polymers, 
plastics, membranes and substrates; siUcon, silicates, glass, metals and ceramics; wood, 
paper cardboard, cotton, wool, cloth, woven and nonwoven fibers, materials and fabncs; 
and amphibious surfaces, solid supports, nanostnictures and miciosmicmres unmodified by 
35 immobilization of recognition molecules. 

The term "complementarity." when used in reference to nucleotides, means the 
stabilitv. melting temperamre or number, type or percent of complementary base pairs 
comprising a defined sequence segment, complementary sequence, duplex or hybndized pair 
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of sequences, e.g., the length, number of base pairs, number of complementar>' nucleotides, 
percent base pairing or G-C content comprising a defined sequence segment. 

The term "complex," when used in reference to a pair or group of molecules, 
means at least t^'o molecules attached to one another either reversibly, quasireversibly or 

5 pseudbirreversibly. 

The term "conjugate" means tNvo or more molecules, at least one being a selected 
molecule attached to one another in an irreversible or pseudoirreversible manner, typically 
bv covalem and/or specific attachment A first selected molecule may be conjugated to a 
s«»nd molecule or to a nucleic acid sequence either indirectly, e.g., through an inteivemng 
10 spacer arm. group, molecule, bndge. earner, or specific recognition partner, or direcUy, 
i e without an mter^ enlng spacer arm, group, molecule, bridge, carrier or specific 
recogmuon parmer, advantageously by direct covalem attachment A selected molecule may 
be conjugated lo a nucleotide via hybridization, provided the selected molecule is tagged with 
an oligonucleotide complementary to a selected nucleic acid sequence compnsmg the 
15 nucleotide. Other noncovalent means for coryugation of nucleotide and nonnucleotide 
molecules include, e.g.. ionic bonding. hydn,phobic interactions, ligand-nucleotide bmdmg. • 
chelating agent/metal ion pairs or specific binding pairs such as avidin/bioun. 
s,repu.vidinA,iotin. anU-fluorescein/nuorescein. anti-2.4.dinitn3phenol (DNP)/DNP, anu- 
peioxidase/peroxidase, anti-digoxigemn/digoxigenin or, more generally, receptor/l.gand 
20 For example, a reporter molecule such as alkaline phosphatase, horseradish pero.xidase, B- 
galactosidase. urease, luciferase, rhodamine, nuorescein. phycoerythnn, lum.nol. 
isoluminol, an acridinium ester or a fluorescent microsphere which is attached, e.g., for 
labeling purposes, to a selected molecule or selected nucleic add sequence i^ng 
avidin/biotin. streptavidin/biotin, anti-fluorescdn/fiuorescein. anti-p«oxidase/peroxidase. 
25 antl-D^4P/DNP, anti-digoxigenin/digoxigenin or receptorAigand (i.e., rather than being 
direcUv and covalentiv attached) is said to be a>njugated to the sdected mdecule or^s^^^^ 

nuclei^ acid sequence by means of a specific binding pair. The term "conjugate" does not 
include an unmodified sequence of nucleotides, referred to herein as a molecule, nucleic 
acid nucleotide, defined sequence segment, nucleotide sequence or ol.gonucleoude. 
30 However, oligonucleotides, aptamers, synthetic heteropolymers, defined sequence segments 
and selected nucleic acid sequences may be referred to as conjugates if a nomiucleoade 
molecule, group or moiety (e.g., bioun, digoxigenin. fiuorescein, rhodamine) is introduced 
as a nucleotide analog, modified nucleotide or nucleoside triphosphate before, dunng or after 

nucleic acid synthesis. , ^ i 

35 When used in reference to a first defined sequence segment or selected nucleic aad 

sequence attached to a second defined sequence segment or selected nucleic acid sequence, 
the terms "conjugation." "conjugate" and "conjugated" refer to covalem attachment A pa.r or 
group of hybridized and/or specifically bound nucleic adds or nudeotide sequences is not 
referred to herein as a conjugate. 
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The term "conjugated aptamer" means an apiamer conjugate, e.g.. an aptamer 
conjugated to a selected molecule or an aptamer compnsmg a conjugated nucleotide. 

The terms "conjugated selected molecule" and "conjugated molecule," when used 
in reference to a defined sequence segment, also referred to herein as a "conjugated defined 
5 sequence segment," means either 1) a selected molecule or nonnudeotide molecule 
covalently or pseudoinevei^ibly attached to a defined sequence segmem or 2) a defined 
sequence segment comprising a selected molecule or nonnudeotide molecule, e.g., a 
derivatized or modified nucleotide, nucleoside phosphate, nudeotide analog, nucleoude 
ligand or nudeotide receptor comprising a nonnudeotide molecule. Where a conjugated first 
10 defined sequence segment of a bifunciional synthetic heteropolymer or multivalent 
hetcropolymeric hybrid structure is used to position a first selected molecule (i.e.. the 
conjugated molecule) for functional coupling with a second selected molecule, the first and 
second selected molecules arc different molecules and do not comprise a pseudoirreversrbh 
or covalenUv attached ligand-receptor pair. In other «ords, a defined sequence segmem and 
15 a conjugated defined sequence segment of a bifuncuonal synthetic heteropolymer or 
multiNaleni heteropolvmeiic hybrid su^wre are not dirccUy attached (i.e., without 
inter^'emng nucleoude or nonnudeotide molecules) to the same sdected molecule or covalem 
or pseudoineversible ligand-receptor conjugate. The two defined sequence segments directly 
attach to two differem molecules whose assembly (i.e.. attachmem within a single discrete 
20 structure) is brought about by the molecular positioning propeitN- of the syniheuc 
heteropolvmer or multivalent hetcropolymeric hybrid structure. Conjugated defined sequence 
segments mav be produced by conventional nucleic acid synthesis using modified or 
derivatized nucleotides (e.g., using bioun, fiuorescein. psoralen or acridine 
phosphoramidites) or by enzymatic labeling (e.g.. using the modified nucleoside 
25 tnphosphates biotin-lI-dUTP, biotin-14^ATP or 8-aminohexyl-dATP) or chemical 
modification (e.g.. using a diamine, bis-hydrazidc or heterobifunctional crosslinker) of a 
defined sequence segment The term "conjugated defined sequence segmem" does not mean 
or include a defined sequence segment hybridized to a selected nucleic add sequence, unless 
the unhvbridized seleded nucleic acid sequence or defined sequence segment is conjugated 
30 to a selected molecule. In other words, hybridized nucleotides sans attached homiucleoiide 
molecules arc not referred to herein as conjugates. To position a conjugated sdected 
molecule for functional coupling to a selected molecule spedfically bound to a differem 
defined sequence segment, 3' and/or 5 end-labeling of a defined-length sequence is 
preferred, paniculariy 5'-end labeling. The effidency of functional coupling can then be 
35 optimized bv varving the length, and optionally the composiuon, of the conjugated defined 
sequence segment Defined sequence segments internally labeled or modified at defined 
nucleotide positions can also be used to effectively position conjugated selected molecules, 
as funcuonal coupling can be optimized by varying the conjugation position. Conjugated 
defined sequence segments are synthetic defined sequence segments. In other words, a 
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conjugated defined sequence segment is considered synthetic, regardless of the nucleotide 
sequence of the unconjugated nucleotide. 

The terms "conjugated specific binding pair," "conjugated specific recognition 
pair" and "specific binding pair conjugate," when used in reference to a specific binding or 
5 shape recognition pair conjugated to a defined sequence segment, selected nucleic acid 
sequence, plastic segment, template, molecule or molecular scaffold comprising a 
multimolecular structure, mean at least one member of the specific binding or shape 
recognition pair, optionally an aptamer, is conjugated to ihe multimolecular structure by 
covalcnt or pseudoirrevereible attachment The other member of the pair is either specifically 
10 bound (or specifically attached) or capable of specifically binding (or specifically attaching) 
to its conjugated specific binding partner (or stfucmral shape recognition partner). For 
example, when one member of a specific binding pair is conjugated to a segment, template 
or scaffold comprising a multimolecular structure, the specific binding pair is referred to as 
conjugated to the multimolecular structure if and when both members of the specific binding 
15 pair are specifically bound to one another or present and available for specific binding to one 
another. An aptamer-target pair comprising an aptameric or heteropolvTneric multimolecular. 
de>'ice is a conjugated specific binding pair, provided the aptamer or aptamer target is 
covalentiy or pseudoirreversibly attached to a molecule or scaffold other than its binding 
partner, e.g.. a nucleotide comprising a second defined sequence segment of a synthetic 
20 heteropolymer. When used in reference to a nucleotide-based or nonnucleotide 
multimolecular device, "conjugated specific binding pair," and "specific binding pair 
conjugate," mean that operation of the multimolecular device requires tiie presence of both 
members of Uie specific binding pair or, in the case of certain analyte-dependent sensors or 
target-dependent molecular deliverv' systems, that the device does not respond to a stimulus 
25 or deliver its payload until both members of the specific binding pair are present In eitiier 
case, a nucleotide-based or nonnucleotide multimolecular deN ice is said to comprise a 
specific binding pair if and only if a useful function is performed by the device when both 
members of the specific binding pair are present and a\ailable for specific binding. 
Hybridized nucleic acid sequences are not considered to be conjugated to one anoUier. nor is 
30 a nucleic acid target considered to be conjugated or pseudoirre\ ersibly attached to a nucleic 
acid probe. In other words, the tenn "conjugated specific recognition pair" does not mean or 
include a pair of hybridized nucleic acid sequences, i.e., a duplex or douWe-stranded 
nucleotide. Hybridization may be used to pseudoineversiWy conjugate an oligonucleotide- 
tagged selected nonoligonucleotide molecule to a nucleotide sequence, provided the 
35 oligonucleotide tag and nucleotide sequence comprise complementary sequence segments. 
However, the hybridized selected molecule-nucleotide product is referred to as a "conjugated 
selected molecule" or "conjugated defined sequence segment," not a conjugated specific 
recognition pair. 
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The terms "cooperating," "cooperative interactions" and "cooperativuy 
used to describe molecules and the mieractions between and among molecules, mean 
proximitv-dependem intermolecular work or energy transfer and refer either to the ab.hty of 
selected nucleotide or nomtucleoude molecules to interact positively or negatively to produce 
5 a desired result or to an effect on one molecule created by the presence of a second molecule 
or to an action or effect brought about by the proximity of two or more molecules or to the 
combined actions of t^vo or more molecules on a third molecule or to a chemical, electnca^, 
optical, thermal, mechanical, energetic or informaUonal uansformation of a system brought 
about bv the additive or synergistic activities of at least two positionaily controlled 
10 molecules. Coopeiativity includes funcUonal coupling beween or among two or more 
molecules, reactions or processes. 

The terms "defined position," "defined nucleotide position" and "posiuonally 
defined " when used in reference to a nucleotide sequence, mean an idenufied nucleoude, 
nucleoude analoe, modified nucleotide, monomer, residue, functional group, recogniuon 
15 site or aitachmem site at the Nth monomer of a defined sequence segment or a plurality of 
identified nucleotides comprising a defined sequence segment beginnmg at the Nth monomer 
of a nucleotide sequence, where "N" is an integer representing the number of monomers 
fix^m one end of the nucleotide sequence to the identified nucleotide or defined sequence 
segment. Defined sequence segments and selected nucleic acid sequences ol the mstant 
20 invention mav be labeled or modified at defined positions by site-specific, sitenlirected 
and/or regiospecific attachment, conjugation and modification methods known m the art, 
including sv-nthesis of oligonucleotides with modified nucleotides, conjugated nucleotides, 
nucleotide 'analogs and spacer modifiers at operator-specified positions. Umformly^ 
randomlv or arbitrarily labeled or modified nucleotides are not considered herein to be 
25 labeled or modified at defined posiUons, i.e., they are not considered posiuonally defined 

nucleotides. ^ . , .f. 

The term "defined sequence segment" means a selected, designed or idenufied 
sequence of nucleotides and includes single-stranded. douWe-stranded, partially smgle- 
stranded and partiallv double-stranded biological and synthetic nucleotide sequences, 
30 advantageouslv replicataWe nucleotide sequences. When used in reference to synthetic 
heteropolNinei^ of the instant invention, the term "defined sequence segmem" refers to either 
1) a nucleotide sequence having a defined number of nucleotides or 2) a nucleotide sequence 
comprising a nucleotide analog, modified nucleoude or conjugated nucleotide at a defined 
position or 3) a svnthetic oligonucleotide or 4) a selected aptamer or 5) a selected, modified 
35 or' designed sequence of monomers, preferably a single-stranded or double-stranded 
sequence of nucleotides, which is capable of specifically binding to an identified molecule or 
group of molecules or a selected nucleic acid sequence or of hybridizing to a selected nucleic 
acid sequence or of positioning a conjugated selected molecule or specific binding pair for 
single-molecule detection and/or functional coupling to a different molecule or specific 
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b.nd.ng'pa.r. Denned sequence segments of the invention include partially and Mly single- 
stranded and double-stranded nucleotide molecules and sequences, syntheuc RNA. DNA 
and chimeric nucleotides, hybrids, duplexes, heteroduplexes, and any ribonucleonde, 
deoxvribonucleotide or chimeric counterpart thereof and/or corresponding complementary 
5 sequence, promoter or primer-annealing sequence needed to amplify, transcribe or replt^^ 

all or part of the defined sequence segment Defined sequence segments as defined herem are 
not mndom-sequence nucleic adds or randomized sequences compnsing nucleic acids, but 
thev mav be selected from mixtures of nucleic acids composing random or random.^ 
sequences. A nucleotide selected from a library composing random-sequence nucleotid^ 
10 mav be referred to herein as a defined sequence segment, even though the nucleotide 
sequence of the random-sequence nucleotide remains unknown unless and unul the 
nucleotide is selected and characterized. 

The tenns "defined sequence segment capable of specifically binding to an 
Identified molecule" and "defined sequence segment capable of specifically binding to a 
15 selected molecule," when used in reference to a synthetic heteropolymer or aptamenc device, 
refer to a defined sequence segment comprising an aptamer capable of specifically . 
recognizing a selected molecule or structural shape. Defined sequence segments of the 
instant invention include aptamers capable of specific shape recogniuon, i.e., specific 
recognition of a structural shape or surface feature. A synthetic defined sequence segment 
20 capable of specifically binding a selected molecule is a nomiaturaily occurring defined 
sequence segment comprising either a synthetic aptamer. in the case of a synthetic 
heieropoh-mer or aptameric device, or a conjugated specific binding partner, m the case of a 
nonaptameric mullimolecular device. 

The terms "designer dnig" and "designer drug deliver>" lefer to mullimolecular 
25 structures and MOLECULAR MACHINES comprising designer receptors. 

The tenn "designer receptor." alternatively called a "selected receptor" or "synthetic 
receptor." refers to a naturally occurring, recombinant, biological, biologically produced or 
svnthetic nucleotide or nomiucleotide molecule or group of molecules comprising a specific 
recognition partner selected from the group consisting of specific binding partners, 
30 hvbridizaWe nucleic acid sequences, shape recognition partners, speafically attractive 
surfaces and specific recognition pairs. Designer irceptors are preferably capable of 
specificallv recognizing a drtig or therapeutic receptor and advantageously include mimeuc 
specific recognition partners (i.e.. a receptor mimetics) that mimic or approximate the 
recognition specificitv- of a selected target (e.g.. a therapeutic receptor) for its recogmuon 
35 partner (e.g., a drtig. honnone or transmitter). Designer receptors may further comprise or 
attach to catalytic recognition partners selected from the group consisting of enzymes, 
caialvsis biological recognition sites, biomimetics, enzyme mimetics and selected molecules 
and elected nucleic acid sequences capable of participating in catalytic recogmuon reactions^ 
Designer receptors are not limited to receptors comprising selected molecules, which 
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receptors are defined herein to be nonoligonucleotide molecules. Rather, designer receptors 
include not only nonoligonucleotide molecules (e.g.. ligands and receptors), but also 
nucleotides (e.g.. nucleotide ligands and nucleoude receptors) and oligonucleotides (e.g., 
aptamers and defined sequence segments capable of specifically binding or hybridizing 
5 selected nucleic acid sequences). 

The term ••device(s)" means a device or system that opuonally or advantageously 

comprises paired devices. 

-Different molecular recognition pairs" means two molecular recognition or 
specific recognition pairs whose four members comprise at least three different chemical 
10 identities. When used in reference to MOLECULAR MACHINES or multivalem molecular 
structures capable of specifically recognizing a surface feaiure, "different molecular 
recogniuon pairs" means "different specific recognition pairs," i.e.. two specific recognition 
pairs whose four members comprise at least three differem chemical identities, wherein the 
members may be capable of specific shape recognition. 
15 "Different specific binding pairs" means two specific binding pairs u hose four 

members comprise at least three different chemical identities. Exemplary pairs of different, 
specific binding pairs include, but are not limited to, two antigen/antibody pairs with 
different specificities (e.g., peroxidase/anti-peroxidase and nuorescein/anti-fiuorescein); two 
ligand/receptor pairs with different specificities (e.g., D-mannose/concanavalin A and 
20 bioun/avidin); a ligand/receptor pair (e.g.. biotin/avidin) and an antigen/antibody pair (e.g., 
digoxigenin/anii-digoxigenin); two different molecular effector conjugate/ligand pairs (e.g.. 
avidin-peroxidase/biotin and avidin-glucose oxidaseA^ioun); and a nucleotide ligand-receptor 
pair and a nucleotide receptor-ligand pair, wherein the nucleoude ligand and nucleotide 
receptor are different modified nucleotides selected, e.g., b> combinatorial methods, to 
25 specificallv bind a selected target molecule or t^o different selected target molecules. Even 
biotin/sirepta%idin and biotin/avidin are differem specific binding pairs as defined herein, 
because the two specific binding pairs comprise three distinguishable chemical idenunes 
(i.e., biotin, streptavidin and avidin). The difference in chemical identity between, e.g., 
streptavidin vs. a%'idin or avidin-pcroxidase vs. avidin-glucose oxidase is not accompanied 
30 bv a sufficient difference in bioun-binding specificity to enable positional control of specific 
binding pairs. In other words, a defined sequence segmem which is biotinylated at each of 
two defined nucleotide positions does not provide the requisite chemical specificity to attach 
avidin and streptavidin, on the one hand, or two different avidin-efi-ector conjugates, on the 
other hand, in an ordered and repioducible positional relationship to one another. 
35 Nucleotide-based templates and multimolecular devices disclosed herein, however, are 
capable of positioning different specific binding pairs having similar and even 
indistinguishable binding specificities. When used in reference to MOLECULAR 
MACHINES or multivalent molecular structures capable of specifically recognizing a surface 
feature, "differem specific binding pairs" means "differem specific recognition pairs," i.e.. 
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two specific recognition pairs whose four members compose at least three different chemical 
identities, u herein the members may be capable of specific shape recogmaon. 

"Different specific recognition pairs" means two specific recognition pairs whose 
four members comprise at least three different chemical identities. 
5 The term "discoverable," when used in reference to molecules, matter, data, 

information, energy, methods, principles, processes, compositions or applications, means 
knowable and heretofore undiscovered, i.e., capable of becoming discovered and known. 

The term "discrete aptameric structure" means a discrete structure compnsmg at 
least one sNUthetic aptaraer and includes aptamer conjugates, aptamer-target complexes, 
10 oligonucleotides comprising one or more copies of an aptamer sequence, aptamenc devices 
and discrete heteropolvmeric structures, opuonally including promoter and pnmer-annealmg 
sequences, e.g.. for replication or amplification of a defined sequence segment compnsmg 
the discrete aptameric strucmre. 

The term "discrete heteropolymeric strucnire" means a discrete structure 
15 comprising at least one synthetic heteropolymer and optionally including one or more 
aiuch«l nucleotide or nonnucleotide molecules, including, without limitauon. spacer 
molecules, nucleotide spacers, linker oligonucleotides, nonnudeotide linkers, selected 
molecules and selected nucleic acid sequences. A discrete heteropolymenc stmcture 
comprises at least a first defined sequence segmem comprising an aptamer and a second 
20 defined sequence segment which is capable of specific recogmtion or comprises a conjugated 
selected molecule. The second defined sequence segment composes either an aptamer, a 
single-stranded, douWe-stranded, partially single-stranded or partially double-stranded 
nucleotide sequence capable of hybndizing or specifically binding to a selected nucleic acid 
sequence, or a defined sequence segment capable of positioning a conjugated molecule 
25 withm suitable proximitv' to provide single-molecule deteaion or functional couplmg 
between the conjugated molecule and an aptamer target specifically bound to the first defined 
sequence segment Discrete heteropolymeric structures of the invention include synthetic 
heteropol^mers, multivalent hetetopolymeric hybrid strucmres and multimolecular 
heteropolN-meric complexes. All discrete heteropolymeric strucmres are also discrete 
30 aptameric structures, but the converse ,s not mie, i.e., not all discrete aptamenc structures 
are discrete heteropcdymeric smictures. 

The tenn "discrete suucture" refers to any single molecule or to any group ot 
molecules comprising nucleotides, wherein the molecules are bound to one another either 
covalentlv or through noncovalem inter^tions or, in the case of a multimolecular device, are 
35 required to specificallv bind or dissociate during deNlce function. Discrete stnictures of the 
present invention, also referred to herein as "discrete nucleotide stnictures" and "nucleoude- 
based discrete stnicmrcs." include defined sequence segments, aptamers. aptamer-target 
complexes, nucleotide-based multimolecular devices, discrete aptameric stnictures. discrete 
heteropoUmeric stnictures, synthetic heteropolymers, and multivalent heteropolymenc 
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hybrid structures comprising t^vo or more hybridized s>-nihetic heteropolvmers and 
muiumolecular heteropolymeric complexes comprising one or more nonoligonucleoude 
molecules specifically bound to one or more synthetic heteropolvmer. or multivalent 
heteropol.vmeric hybrid structures. A discrete structure comprising one svnihetic defined 
5 sequence segmem capable of specifically recognizing a nonoligonucleotide molecule and 
another defined sequence segment capable of specifically recogmzing a nucleotide or 
nonnucleoude molecule is or composes a synthetic heteropolymer. unless both defined 
sequence segments specifically recognize the same molecule or one unconjugated defined 
sequence segment hybridizes to an unconjugated primer used for amplification. 
10 The tenn "disease target" means a therapeutic target or pathophysiological target 

and mcludes therapeuuc receptors and pathophysiological receptors. 

The term "divergent and self-sustaining." when used in reference to cvcle.<» nf 
expressing ana transposing imprints and progeny of a selected target molecule or a'selected 
populauon of selected target molecules using a polydiverse nucleoude librarv. refere to an 
15 Iterative, parallel, simultaneous or sequential positive feedback process capable of generating 
an .ncreasmgly diverse assorunent of molecular structures, shapes and activities without ' 
heretofore known limits on achievable diversity. 

The term "docking surface," when used in reference to a member of a recognition 
^r. means the operative points of contact, atoms, fields of electmstauc attraction or 
20 Connolly surface(s) that interact with corresponding points, atoms, fields or surface(s) of a 
recognition partner. 

The terms "donor" and "acceptor," when used in reference to functionally coupled 
libraries, are introduced herein as useful metaphors in respect of corresponding lemis used 
to describe functionally coupled effector molecules. A donor librar^• is capable-Qf donating 
25 (..e.. providing or comprising) a member, prt^perty. activity or specificity that can be 
recognized or imprinted by a member comprising an acceptor libiar> . 

The term "dnig" as used herein means a molecule, group of molecules, complex or 
substance administered to an organism for diagnostic, therapeutic, medical or s etennary 
purposes. Drugs include e.xtemally and iniemally administered topical, localized and 
30 systemic human and animal phamiaceuticals, treatments, remedies, nutraceuucals 
cosmeceuticals. biologicals, devices, diagnostics and contraceptives, including preparations' 
useful m clinical and veterinary screening, prevention, prophylaxis, healing, wellness, 
detection, imaging, diagnosis, therapy, surgery, monitoring, cosmetics, prosthetics and 
lorens.es. The tenn "drug" may optionally be used in reference to agriceuUcal, woricplace 
35 military, industrial and environmental therapeutics or remedies comprising selected 
molecules or selected nucleic acid sequences capable of recognizing cellular recepto.^ 
membrane receptors, hormone receptors, therapeutic receptors, microbes, viruses or selected 
targets comprising or capable of contacting plants, animals and/or humans. 
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-Effector molecules," also refened to as "effector species," "effectors" and 
•molecular effectors," are selected nonoligonucleotide molecules or groups, complexes or 
conjugates of selected nonoligonucleotide molecules capable of transforming energy mto 
work work into energv, work or energy into information, or information into work or 
5 energv and include, but are not limited to, signal-generating species, stimulus-response 
molecules, response- generating molecules, enzymes, synthetic enzymes, drugs, catalytic 
antibodies, catalvsts, contractile proteins, transport proteins, regulatorv' protems, redox 
proteins, redox enzymes, redox mediators, cytochromes, electroactive compounds, 
photoactive compounds, supermolecules, supramolecular devices and shape-memory 
10 structures. 

"Hectronic coupling" as used herein means functional coupling rehing on the 
transfer of electrons and includes, for example and without limitation, single-electron 
transfer and coupling mediated by direct, through-space overlap of relevant donor and 
acceptor orbitals and bv through-bond superexchange(s). Electronic coupling may occur b> 
15 single-step or multistep prtx:esses within a molecule or betNveen molecules positioned by 
noncovalent or covaleni inieraction(s), advantageously direct covalent bonding. 

"Enhancing or modulating detectability" means, without limitation, controlling or 
influencing the size, shape, charge, structural properties, position, chemical composition, 
chemical identitv, energy state, binding, activity or functional properties of a molecule; 
. 20 controlling orinfluencing the amount, mass, concentration, copy number or spatial location 
of a molecule, product, transcript, replicate, complex, particle or suiicture; or controlling or 
influencing the relative positions of at least t%vo molecules or the functional coupling between 
them. 

The terms "e\olving" and "evolution," when used in reference to the informauon 
25 comprising or willfully accessible through paired or functionally coupled informational 
devices, mean learning. No effort is made to reconcile the instant use of the term "ieaniing" 
with ari-accepted dermitions regarding machine learning, artificial intelligence or expert 
svstems. 

"Functional coupling" and "functionally coupled" mean that at least t^vo processes 
30 are connected bv a common reaction, event or intermediate or that at least two compositions. 

which mav be molecules, species, substances, structures, devices, groups or combinations 
thereof, participate as donor and acceptor in the transfer of mass (e.g., molecules, atoms or 
subatomic particles) or energy (e.g.. photons, electrons, kinetic or potential energ>-, entropy. 
enUialpv. work or heat), or that two processes or compositions act on a third process. 
35 composition, disease or condition in an additive, partially additive or subtractive. 
mutualisuc, svnergistic, cooperative, combined or interdependem manner. Examples of 
functional coupling are well known in the art {e.g.. Gust et al. ( 1993) Accounts of Chenucal 
Research 26:198-205; Sheeler et al. (1983) Cell Biology: Structure. Biochemistry; and 
Function p. 203, John Wiley & Sons, Inc., New York; Saier (1987) Enzymes in Metabolic 
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Pathways: A comparative Study of Mechanism. Structure. Evolution, and Control, pp. 48- 
59 and 132-136, Harper & Row Publishers, New York; Aidley (1989) The Physiology of 
Excitable Cells. Third Edition, p. 320. Cambridge University Press, Cambridge; Bray et al. 
(1957). Kinetics and Thermodynamics in Biochemistry, p. 135. Academic Press, New 
5 York; and Guuon (1971) Textbook of Medical Physiology, Founh Edition, p. 786, W.B. 
Saunders Company, Philadelphia). Functional coupling includes cooperativity between or 
among two or more molecules. 

The terms "functional coupling" and "functionally coupled," when used in 
reference to the interaction between two recognition pairs, mean thai the binding or activity 
10 of a member of a First recogniUon pair influences the binding or activity of a member of a 
second recogniUon pair or that members of both recognition pairs bind to or act upon a 
common substance, disease, condition or process in an additi\ e, partially additive, combined 
or cooperative manner. Members of both recognition pairs bind to or act upon a common 
disease or condition, for example, when two (or more) functionally coupled drugs and/or 
15 targeting elements bind or act in a combined, addiu\e or synergistic manner at a single 
disease target or at two or more neighboring sites, receptors or targets. "Functional, 
coupling," when used in reference to single-molecule detection of an aptamer, means to 
enable detection of an individual aptamer-target complex or multimolecular structure 
comprising a pair or group of molecules attached by nucleotides or, alternatively, to enable 
20 discrimination of an individual molecular complex or multimolecular structure from an 
uncomplexed nucleotide or nonnucleotide molecule or plurality of molecules. The term 
"functionally coupled," when used in reference to paired libraries or a library pair, means 
that at least one molecule (i.e., product) selected from a first (i.e., donor) library (hereinafter 
a product of a donor library) is used as a selected target (i.e., precursor or substrate) for 
25 screening and/or selection of a second (i.e., acceptor) library . 

The term "functional element," when used to describe a nucleotide, segment, 
template or selected molecule comprising a multimolecular structure or MOLECULAR 
MACHINE, refers to a nucleotide or nonnucleotide molecule, residue, site, sequence or 
group having a selected activity, property, specificity, structure or function. Functional 
30 elements include, without limitation, selected molecules, nucleotides, modified nucleotides, 
selected nucleic acid sequences, defined sequence segments, recognition sites and replicates, 
clones, mimetics, recognition elements, panners and imprints thereof and progeny 
tiierefrom. 

The term "grafting." when used in reference to attachment of a segment, template. 
35 multimolecular structure or MOLECULAR MACHINE to a surface, means specific 
attachment in such manner tiiat at least one recognition domain or functional element is 
displayed on the surface in an oriented or polarized manner that enables a useful function or 
desirable result, e.g.. specific adsorption or e.\traction, solid phase separations, surface 
catalysis, specific lecognition or catalytic recognition assays or processes, or scanning. 
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imaging and/or mapping of a displayed recognition domain or functional element using an 
analytical tool, e.g., scanning probe microscopy, laser scanning or a hyphenated method. 

The terms "group oP and "plurality of," when used in reference to molecules, 
elements, recognition parmere, libraries, sequences, receptors, drugs, recognition pairs and 
5 multimolecular structures, means at least two. A member comprising a group or plurality of 
membere mav be either attached to another member or unattached. 

The terms "heteiopolymer-based" and "heteropoKmenc" mean comprising at least 

one s\*nthetic heteropolymer. 

The term "heteropolymeric discrete structure" means a discrete strucmre 
10 comprising at least one synthetic heteropolymer, i.e., at least a first defined sequence 
segment compnsing an aptamer and a second defined sequence segment which is a 
conjugated defined sequence segment or is capable of specific recognition, including 
impnnts, progenv. replicates and mimetics of nucleotides comprising synthenc 
heieropolvmers. Heteropolymeric discrete structures include, for example and without 
15 Umitation, a svnthetic heteropolymer; a multivalent synthetic heteropolymer; a mulovalent 
hetetopolNTneric hvbrid strucmre; a multimolecular complex: a pair or group of attached- 
svnUietic'hetetopolvmeis; a pair or group of attached nucleotides comprising a syntiieuc 
heteropolvmer; a pair or group of attached nucleotide and nomiucleotide molecules 
comprising a svntiietic heteropolymer; a syntiietic heteropolymer attached to a nucleotide or 
20 nomiucleotide molecule; a synthetic aptamer attached to a defined sequence segmem capable 
of specific recognition; a syntiietic aptamer attached to a defined sequence segment 
comprising a conjugated molecule; a syndetic aptameric first defined sequence attached via a 
nucleotide spacer, spacer molecule, oligonucleotide linker or nonnucleotide hnker to a 
second defined sequence segment capable of specific recognition; a sy-ntiieiic aptamenc 
25 defined sequence segmem attached via a nucleotide spacer, spacer molecule, oligonucleotide 
linker or nomiucleotide linker to a conjugated defined sequence segment; a pluralit>- of 
nucleotide or nomiucleotide molecules joined by at least one sNutiietic heteropolymer; a 
s^'ntiletic first aptamer and at least a second aptamer conjugated to the first aptamer; a 
pluralitv of aptamers capable of specifically recognizing differem target molecules, wherem 
30 tiie aptamers are attached to one another either directiy or indirectiy; and any of tiiese 
discrete stnicmies comprising, attached to or capable of attaching to a molecule, nucleoude. 
complex, multimolecular structure, solid support or transducer surface. 

-Hybridizing" refers to specific bimiing between t^vo selected nucleic acid 
sequences through complementary base pairing, i.e., hybridization of complementary 
35 sequences. Such bonding is also tefened to as Watson-Crick base pairing. The binding 
between complementai^- nucleic acid sequences is preferably referred to as "hybndizing" or 
-hybridization" rather tiian "specific binding." Conversely, binding between 
noncomplemeniarv nucleotide sequences is refeired to as "specific binding," "specific 
recognition" or "molecular recognition." Hybridized, hybridizable, amiealed and/or 
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complemeniarv- nucleic acid sequences (e.g., strands comprising or capable of forming 
hybrids, duplexes or double-stranded regions) are not referred to herein as "specific binding 
partners" or "members of a specific binding pair," but instead as "hybridized," 
"hybridizable" or "complementan " nucleoUdes. For hybridization, a sufficient degree of 
5 complemeniarity is required such that stable and/or reproducible binding occurs between two 
selected nucleic acid sequences. However, pertect complementarity is not required and may 
not be preferred for embodiments relying on dissociation of a hybridized nucleic acid 
sequence, e.g., dissociauon of a selected nucleic acid sequence from a defined sequence 
segment of a multimolecular device concomitant either with hybridization of the defined 
10 sequence segment to a more complementary selected nucleic acid sequence or with high- 
affinity specific binding to a selected molecule or selected nucleic acid sequence. "More 
complementary" means a second selected nucleic acid sequence having a relaUvely higher 
melUng temperature, greater number of complementary nucleotides, longer complementar>^ 
sequence segment, higher percent base pairing, higher G-C content or percent, or greater 
15 stability in hybridized form than a first selected nucleic acid sequence. 

The term "immobilized" means insoluble, insolubilized or comprising, attached to 
or operatively associated with an insoluble, partially insoluble, colloidal, particulate, 
dispersed, suspended and/or dehydrated substance or a molecule or solid phase ccanprising 
or attached to a solid support When used in reference to a multimolecular drug delivery 
20 system of the instant invention (e.g., a multimolecular stnicturc comprising a designer drug, 
s'maRTdnig, tethered recogniuon device, prodnig comple.x or multimolecular device) the 
term "immobilized" refers either to a multimolecular structure that is itself insoluble or to a 
multimolecular strucmre that is rendered insoluble by attachment to a biological or 
biocompatible solid support. For e.xample, a dnig delivery composition may be immobilized 
25 to a biocompatible solid support before adnunisttation, or it may be immobilized to a 
biological solid su^xxt during or after administraticm. 

The term "immobilized multimolecular stnicture" means a MOLECULAR 
MACHINE of the invention which comprises or attaches to a solid support. In the case of 
multimolecular stracturcs comprising a molecular adsorbent, multimolecular adherent or 
30 multimolecular adhesive, die solid support preferably comprises an amphibious or 
specifically attractive surface, optionally a chemically bland surface. 

The tenns "imprint" and "imprinted," when used in reference to the process or 
product of imprinting a selected target, print molecule or multimolecular stfucture. refer to an 
antiidiotypic or anti-antiidioiypic (i.e., idiotypic) recognition partner and any recognition 
35 partner thereof comprising a conesponding antiidiotypic or idiotypic specificity, i.e., a 
recognition partner that is capable of mimicking or recognizing the selected target, print 
molecule or multimolecular sirticture. "Imprinting" means any process for producing an 
imprint or recognition partner of a molecule or multimolecular stniaure or an imprint or 
recognition partner thereof, including, without limitation, polymeric casting and molding. 
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Ubran- selectioa of target-specific recogmuon elements, and tmnsposuion of a rejected target 
through pared Ubranes. preferably paired libraries comprising a nucleoude hbnuy. The 
.mprint or recognition partner may be a first, second or subsequent genemtion .mpnnt or 
.mpnnted impnnt, idiotvpe or antiidiotype, mimeuc or anumimetic of a target recogmuon 

5 element, all of which generations are referred to herein as imprints. An .mpnnt may 
faithfullv refiect, recognize, mimic, replicate or approximate the recogmtton properties (e.g., 
specificia, affinity, kinetics) of a parent recognition element. Alternatively, an impnnt may 
iTa weak, strong or moderate competitor, crossreactant. structural or functional analog, 
partial or mixed agonist or antagonist compared with its parent recognition element or a 

10 mimetic, recognition parmer. replicate or mutation thereof or progeny therefrom, e.g., a 
product of molecular imprinting, combinatorial selection, amplification or transposiuon 

through a nucleotide library-. j i ^ 

The term "impnnt library" means a mixture of molecules designed, selected, 

collected evolved or modified to comprise an idiotypic or anuidiotypic impnm molecule 
15 (ie a mimetic or antimimetic molecule) capable of mimicking, approximating 
cnisreacting with, competing with or r«x>gmzing a selected target comprising a selected- 
molecule, selected nucleic acid sequence or surface feature. 

•independent operabilit>-." when used in reference to a defined sequence segment 
comprising a synthetic heteropdymer, means that the defined sequence segment compnsmg 
20 the synthetic heteropolymer retains the binding specificity for which it was se ected or 
designed, i.e., the desired specificity of the defined sequence segment is not lost with 
incorporation into the svoithetic heteropolymer. In other words, the defined sequence 
segmem remains operable independent of its incorporation within the syntheuc 

heteropolymer. ^ 
25 The term "infonnation- means the knowledge comprising a set of data and all 

interactions among the data, including. e.g., implications and actionable results com^sing 
intenu:tions among the data. "Known information- means information that is wUlfully 
accessible. Unknown information may be either knowablc (i.e.. discoverable) or 

unknowable (i.e., undiscoverable). ^ , 

30 The term "infonnauonal device" refers to a synthetic device, composition, product, 

medium, machine, program, code, process, library, database or means for marking, 
displaying, representing, mapping, transposing, imprinung. embodying, stonng, copying, 
imaging, simulating, modeling, replicating, archiving, comparing, analyzing, contrastmg. 
searching, researching, conveying or transmitting data, information or instnictions 
35 particulariv including molecular modeling, biocomputing. multifactorial search engines and 
hardware and software designed for ultrafast, high^apacity, high-performance approaches 
to inteaogating. anal>-zing, comparing, contrasting, integrating, interpreung. mapping, 
transposing, modeling and simulating molecular smactur^, function and dynamics, including 
chemical composition, polymer sequence, secondary, tertiary and quatemarv stnicture. 
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three-dimensional shape, docking surfaces, inteimolecular dynamics, activity, catalysis and 

quantiutive smicture-activity relationships (QSAR). 

The term "information space" means the set of all sets of information, including 

known information and unknown information. 
5 The lerm "informational system" means a pair of functionall>- coupled 

informational devices, i.e., paired informational devices. 

The term "instructions" refers to written or nonwritten letters, words, numbers or 

numerals, recordings, transmissions, replicas, representations, facsimiles, pictures, signs. 

symbols, digital or analog data or code, static or dynamic images, audio, visual, tactile, 
10 olfactory or other sensory, perceptible, detectable or interpretable messages, data or 

information. Detection, deciphering, decoding, deconvolution or interpretation of 

instructions may be accomplished by sensory means or may require suitable insuumentation. 

e.g., a light source, laser, scanner, reader, iransmiiier, detector, sensor, transducer. 

transformer- amplifier, actuator, magnifier, decoder, microphone, recorder, imaging system 

15 or the like. 

The term "intelligent," wheti used in reference to an informational device(s) or 
system(s), means capable of learning. When used in reference to learning for willful 
purpose(s). intelligence requires either a functionally coupled system comprising an 
informational device and a human (and/or humanly introduced information source) or a 
20 functionally coupled paired informational device comprising, attaching to. or capable of 
attaching to an external information source. 

The term" "knowable," when used in reference to molecules, matter, data, 
information, energy, methods, principles, processes, compositions or applications, means 
capable of being known or discovered, i.e., not unknowable. 
25 The terms "knowable alternatives" and "knowable," when used to describe a 

preferred embodiment, composition, method or use of the instant invention, mean the 
inventor is aware that present and future alternatives and discoveries will extend and impro\ e 
the described embodiment, composition, method or use, such alternatives being predictable 
and likely derivatives or progeny of the instant invention. 
30 The terms "knowledge" and "known information" refer to information that is 

known, i.e., willfully accessible. "Knowledge" and "known information" are synonymous. 

The term "learning." when used in reference to an informati(Mial device(s) or 
system(.s). means that the domain of informational space comprehended by the device(s) or 
system(s) (i.e., device or system information) evolves in parallel with die evolving 
35 information domain encompassed by the term "heretofore known" (i.e., knowledge). 

The term "library" refers to a random or nonrandom mixture, collection or 
assorunent of molecules, materials, surfaces, structural shapes, surface features or, 
optionally and without limitation, monomers, polymers, strucnires, functions, precursors, 
products, modifications, derivatives, substances, conformations, arrangements, shapes. 
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features, activities, properties, energies, conditions, treatments, parameters, methods, 
processes, data or information. 

The term -(libranes)^^" refers to nucleoplastic libraries and members of the set of 
all possible nucleoplastic libraries comprising nucleotide, nonnucleotide and paired libraries. 
5 The terms "library pair" and "paired libraries" refer to at least two libraries capable 

of being functionally coupled, i.e.. linked by a recognition pair, member or hbrar> 
comprising a target or probe, precursor or product, donor or acceptor which connects the 
libraries in diversity space. A paired nucleotide-nomiucleotide library is a paired Ubrar>^ 
comprising a nucleotide library functionally coupled to a nonnucleotide library. 
10 The terms "Hbrarv-selected" and "library- selection." when used in reterence to a 

molecule, probe, pnxiuct or .mpnnt, refer to a heretofore unknown or unidentified 
nucleotide or nonnucleotide molecule (i.e., a selectable molecule) which becomes idenufied 
by screenine and/or selection of a library . Library-selected molecules include, e.g., selected 
molecules, defined sequence segments, selected nuddc ac.d sequences, shape-specific 
15 probes, modified nucleotides, nucleotide ligands and nucleotide receptors identified bv 
Ubrar^ screening and/or selection, preferably screening and selection of nucleic aad 
libraries, modified nucleotide libraries and nucleotide-encoded chemical libraries. Heretofore 
known selected molecules, by contrast, are themselves used as targets for screemng and 
selection of nucleotides comprising aptamers, nucleotide ligands, nucleotide receptors, 
20 nucleotide caialvsts, catalytic nucleotides and strucwral shape recograoon probes. Once a 
librarv-selected molecule is identified and therefore becomes known, it may, in turn, be used 
as a 'selected target molecule for screening and selection of a nucleic acid library or 
nucleotide-encoded chemical library to identify heretofore unkno«-n aptamers, nucleoude 
ligands. nucleotide receptors, nucleotide catalysts. catal>tic nucleotides and strucmral shape- 

25 recognilion probes. 

The term "librarv-selected nucleic acid sequence" refers to a selected sequence, 
three-dimensional structure or activity comprising a nucleic add, nucleotide and/or 
nudeotide^ncoded nomtucleotide molecule selected from a mixture comprising syntiietic 
and/or bidogicallv derived nucleotides, conjugated nucleotides and/or immob.hzed 
30 nucleotides. Ubrai^-selected nucleic acid sequences include, witiiout limitauon, any 
heretofore unknown nucleic acid sequence, structure, activit>-, nucleotide analog, modified 
nudeotide or nomiucleotide molecule, particulariy induding aptamers, ribozymes, catalyac 
nucleotides, nucleotide ligands. nucleotide receptors, nucleotide catalysts, structural shape 
probes and sequences or strucmres comprising at least two recognition elements. Also 
35 induded is any nucleic add sequence comprising or attaching to a nucleotide or 
nonnucleotide molecule that is capable of functional coupling ^th another nudeoude or 
nonnucleotide molecule comprising a library. Imporiantiy. screening and sdection of a 
nucleotide libraiv for a nudeotide, nucleotide replicate, imprinu done, derivative, mimeuc or 
conjugate mav be achieved by single-molecule detedion methods disclosed herein. Also. 
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selected molecules idendfied by screening and selection of a nonnucleotide libran by single- 
molecule detection may be advantageously transposed into nucleotide space, enabling 
amplification, sequencing, digital encoding, characterization and archiving of nucleotide 
impnnts of nonnucleotide molecules and libraries. The importance of this capability will be 
5 apparent to the skilled artisan on reading this disclosure. 

The term "ligand" means a selected nonoligonucleotide molecule capable of 
specifically binding to a receptor by affinity-based attraction that does not involve 
complementary base pairing. Ligands include, but are not limited to, receptor agonists, 
partial agonists, mixed agonists, antagonists, response-inducing or stimulus molecules, 
10 drugs, hormones, pheromones, transmitters, autacoids, gromh factors, cytokines, 
prosthetic groups, coenzymes, cofactors. substrates, precursors, Nitamins. tosins. 
regulator\- factors, antigens, haptens, carbohydrates, molecular mimics, pnni molecules, 
structural molecules, effector molecules, selectable molecules, bioiin, digoxigenin. and 
congeners, crossreactants, analogs, competitors or derivatives of these molecules as well as 
15 librarv-selected nonoligonucleotide molecules capable of specifically bmding to selected 
targets and conjugates formed by attaching any of these molecules to a second molecule. . 

The terms "linker" and "linker molecule" refer to molecules or groups which are 
capable of joining two molecules and include, as the case may be, linker oligonucleotides, 
nucleotide spacers, spacer molecules, linker molecules and nonnucleotide linkeis. . 
20 The terms "linker molecule," "linker" and "nonnucleotide linker." when used in 

reference to nonnucleotide molecules that link nucleotides, mean molecules and groups of 
molecules capable of joining at least two nucleotides either coNalently or noncoN alently. 
Nonnucleotide linkers include, for instance and without limitation, spacer molecules, 
selected molecules capable of attaching t%vo aptamers (i.e.. joining the two aptamers to form 
25 an aptamenc multimolecular complex or synthetic heteropolymer), nonnucleotide 
dendrimers, dendrons, peptides, proteins, nonnucleotide linkages and bridges, 
nonnucleotide monomers, dimers and polymers, ligands (e.g., biotin, digoxigenin, RTC, 
DNP and peioxidase) and receptors (e.g.. avidin, streptovidin and anti-digoxigenin, anti- 
HTC, anti-DNP and anti-pcroxidase antibodies), lipids, sugars, polyethylene glycols, 
30 chole^rol. fusion proteins, bispecific antibodies, chelating agents, intercalating agents, 
ciosslinking agents, and nonnucleotide molecules comprising Afunctional, heterofunctionai 
and multifunctional molecules and oligonucleotide linkers. 

The term "linker oligonucleotide," also referred to herein as an "oligonucleotide 
linker." refeis to an oligonucleotide sequence, plurality of oligonucleotide sequences, 
35 monomeis or polymers, or a linker molecule capable of specifically binding or hybridizing to 
two or more conjugated defined sequence segments or to second defined sequence segments 
of two or more synthetic heteropolymers. th'us joining the conjugated defined sequence 
segments or s>-nthetic heteropolymers into a discrete strucmre. An oligonucleotide linker 
may also join two or more nucleotides covalendy or a first nucleotide covalently and a 
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second nucleotide noncovalenily. Oligonucleotide linkers conjugated to selected molecules 
may also join pairs or groups of nucleotides by specific binding or by a combination of 
specific binding, hybridization and covalent attachment. Alternatively, linker 
oligonucleotides may first noncovalently attach two or more nucleotides (e.g.. by specific 
5 binding or hybridization) followed by covalent attachment. Examples of the linker 
oligonucleotide include, but are not limited to: an oligonucleoiide; a stem-loop, bulged or 
pseudoknot structui* having single-stranded ends capable of hybridizing to the second 
defined sequence segments; a duplex, triplex or quadruplex structure having single-stranded 
ends capable of hybridizing to the second defined sequence segments; a branched-chain or 
10 branched-comb strucmre having defined sequence segments capable of hybridizing to the 
second defined sequence segments; a nucleic acid dendron or dendrimer (e.g.. Tomalia et al. 
(1993) In: Topics in Current Chemistry, pp. 193-245 Springer, Beriin) or a dendron. 
dendrimer or other branched or hvperbranched structure attached to nucleotides comprising 
defined sequence segments capable of hybridizing to the second defined sequence segments; 
15 a nonoligonucleoUde dimer. raultimer or polymer comprising monomeric subunits attached 
to defined sequence segments of nucleotides capable of hybridizing to the second defined' 
sequence segments; a heteroconjugate comprising a nonoligonucleotide molecule or group of 
molecules attached to defined sequence segments of nucleotides capable of hybridizing to the 
second defined sequence segments; a single-stranded or partially single-stranded nucleic acid 
20 molecule or group of molecules having a defined topology comprising defined sequence 
segments capable of specifically binding or hybridizing to the second defined sequence 
segments; a double-stranded or partially double-stranded nucleic acid molecule or group of 
molecules haN ing a defined topology comprising defined sequence segments capable of 
specifically binding or hybridizing to the second defined sequence segments; and a cyclic 
25 oligonucleotide or circular structure having defined sequences capable of hybridizing to the 
second defined sequence segments. Oligonucleotide linkers advantageously comprise 

replicatable nucleotides. 

The terms "machine," "machine learning," "machine-directed" and "machine- 
intelligence," when used in reference to an informational device or system, refer to products 
30 and processes comprising or enabled, facilitated or accelerated by informational devices of 
the invention, preferably paired informational devices comprising informational systems, 
more preferably informational systems comprising or capable of attaching to an evolving 
information source or expert system. 

The term "mapping library" means a library comprising a pluralitv- of selected 
35 recognition parmers identified, collected or accumulated by screening and/or' selection of 
imprint libraries, preferably a diverse plurality of imprim libraries, to map, imprint, 
transpose, evaluate or characterize the recognition properties of a pluralit\- of target 
molecule^, preferably a selected population of selected molecules. In other words, a 
preferably diverse pluialits' of selected nucleotides comprising a mapping librarj' is used to 
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transpose (i.e.. imprim) the recognition properties of a selected population of selected 
molecules into a selected populauon of selected nucleotides (i.e., a "recepnve audience") 
comprising the mapping libiaiy. The mapping librai>- .s optionally selected and evolved over 
lime bv accumulating selected imprint library members capable of recogmzing at least one 
5 target molecule comprising a selected population of selected molecules, e.g., the set of 
immunoglobulin light chains or CD antigens comprising a fractionated pool of umbilical cord 
blood Selection and accumulation of the selected population of selected nucleoude 
recognition partners comprising a mapping library from a plurality of imprint libraries may 
be viewed as a process of rejecting imprint library members that do not recognize at least one 
10 member comprising a selected population of selected molecules, advantageously subjecting 
selected members to iterative cycles of rejection under conditions of variable and increasing 
stringency and/or selection pressure. Mapping libraries include the set of nonrejected 
members'following iterative screening and selection of impnniable nucleotide iibrai.es for 
specific binding and shape-specific recogration elements, optionally including selected 
15 specific recognition elements from nucleotide-encoded chemical libraries, e.g., nucleotide 
ligands and nucleotide receptors. 

The terms "materials," "selected materials" and "identified materials," when used in 
reference to attractive surfaces and the selection of materials having heretofore unknown 
recognition properties, refers to chemically bland substances, amphibious surfaces and 
20 compositions comprising selectable sinictural shapes and surface features made up of 
molecules, as distinct from the chemical identities or recognition properties of the consnnient 
selected molecules themselves. The term "recognition propert> ," when used to descnbe a 
selected material, refers to the specific atu^tivity of a smicwral shape or surface feature and 
does not include the heretofore known recognition properties of the selected molecules 
25 comprising the material. Materials, strticmres. structural shapes, surfaces and surface 
features of the instant invention can be selected for the ability to recognize and specifically 
attach selected molecules and nucleotides. Convereely, selected molecules and nucleotides of 
the invention are capable of recognizing and specifically attaching to selected matenals, 
structures, structural shapes, surfaces and surface features. A selected molecule wiUi 
30 heretofore known recognition properties which attaches or makes up a matenal or surface is 
preferably referred to herein as. e.g.. an immobilized molecule or a solid support, solid 

phase or solid phase reagent 

. The term "mixture" means a composition comprising a plurality of molecules or at 
least two different substances that are not chemically bound to each oUier. 
35 The tenns "modified nucleotide" and "derivatized nucleotide" mean synthetic 

bases, I.e.. nonnaturally occurring nucleotides and nucleosides, porticulariy modified or 
derivatized adenine, guanine, cytosine, thymidine, uracil and minor bases. Although there is 
substantial overiap between the terms -modified" and "derivatized," modification tends to 
relate broadiv to any difference or alteration compared to a corresponding nanual base. 
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whereas demadzauon refers more specif.caUy to the addition or presence of differem 
chemical groups, i.e., modification by the addition of chemical groups, functional ^ groups 
and/or molecules. Although there is also overlap between the terms "modified nucleotide 
and "nucleoude analog" as used herein, "modified nucleotide" topically refers lo congeners 
5 of adenine, guanine, cytosine, thymidine, uracil and minor bases, whereas "nudeoude 
analog- further refers to synthetic bases that may not compose ademne, guanine, cyiosme, 
thymidine, uracil or minor bases, i.e.. novel bases. 

The terms "molecular adsorbent" and "mimeUc adsorbent" refer to an amphibious, 
chemically bland, specifically attractive, modified or imprinted solid phase, matenal, surface 
10 or structuie composing or specifically attaching a multimolecular strucmre or mulumolecular 
device prefemblv a multimolecular structure comprising a multivalent template, or having a 
recognition propertv introduced by grafting, templating. copying, imprinung or transposing 
a segment conjugated segment, multivalent template or multimolecular structure, or having a 
recognition property identified by screening and/or selection of a surface hbrar>- lor a 
15 spedficallv attractive surface feature. 

The term "molecular attractor" means a plastic segmem or plastic template used to. 
generate and test hvpotheses regarding the prospective participation of selected template 
recognition sites and template-ordered recognition partners m cooperauve molecular 
interacuons. Advantageously, the molecular attractor and a functionally coupled 
20 informational svstem are used in a consorting station to explore and map proximity space 
and funcaonal' coupling space for diffei«it combinations of selected molecules and 

positioning templates. . 

The term "molecular binding specificitv," when used in reference to specific 
binding, means molecular recognition betxveen specific binding panners and does not 
25 include specific surface attracnvity or structural shape recognition. 

The term "molecular complex." when used in reference to a pair or group ot 
molecules, means at least two molecules attached to one another either reversibly, 
quasireversiblv or pseudoirreversibly. 

The 'terms "molecular delivery" and "molecular delivery system" refer to a 
30 multimolecular structure capable of specifically recogmzing. binding or stonng, and 
transporting, camring. providing, presenting, delivering and/or releasing a nucleoude or 
nomiucleotide moiecule to a selected target, receptor, site, region, proximity or desunauon. 
A molecular delivery- system comprises at least two differem recognition sites or pans 
capable of functioning in an additive or cooperative manner, e.g.. to deliver a selected 
35 molecule or selected nucleic acid sequence to a selected target and/or to modulate the 
strucmre or activity of the selected target 

The term "molecular diversity" refers to the realm of molecular structure-acnvity 
space and includes anv set or subset of knouoi and/or knowable molecules comprising the 
^ersitv space encompassed by the set of all molecules, known and unknown, excluding 
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specifically atiraciive surfaces (i.e.. siructural shapes and surface features). The lenti "art- 
accepied molecular diversity" means structure-activity space. 

The terms "MOLECULAR MACHINE" and "MOLECLOj^R MACHINES" refer 
to claimed methods and devices of the instant invention, including, without limitation, 
5 nucleotide-based and nonnucleotide aptameric multimolecular devices, heteropolymeric 
discrete structures, multimolecular delivery systems, promolecular deliverv devices, 
multivalent molecular structures, molecular adsorbents, multimolecular adherents, 
multimolecular adhesives, molecular lubricants, multivalent heteropoK-meric hybrid 
structures, s>-nthetic heteropdymers. tethered specific recognition devices, paired specific 
10 recognition devices, nonaptameric multimolecular devices, multivalent imprints, 
multimolecular drug delivery systems, designer drugs. smaRTdrugs. shape-specific probes, 
paired nudeotide-nonnucleotide mapping libraries, recognition elemems comprising 
synthetic nucleotides selected by singie-molecuie detection, library -selected imprints of 
synthetic nucleotides selected by single-molecule detection, immobilized multimolecular 
15 strucmres, surface libraries, specifically attractive surface features, multimolecular s>vitches, 
multimolecular sensors, multimolecular transducers, paired templates, paired recognition 
pairs, paired MOLECULAR MACHINES and nucleotide-based or nonnucleotide 
precursors, products, progeny, combinations, clones, replicates, imprints, mimeucs and 
conjugates thereof and progeny therefrom, including any of these MOLECULAR 
20 MACHINES operatively attached or functionally coupled to a molecule, nucleotide, 
molecular scaffold, multimolecular structure, solid support, transducer surface and/or 

informational device. 

The terms "MOLECULAR MACHINE pair" and "paired MOLECULAR 
MACHINES" refer to pairs comprising at least tv,o MOLECULAR MACHINES, optionalh 
25 pairs of pairs or networks of pairs or paired pairs, comprising at least two MOLECULAR 
MACHINES, wherein the two members of a MOLECULAR MACHINE pair function 
collectively or cooperatively to achieve a desired result. AdN-antageously. the two members 
comprising a MOLECULAR MACHINE pair are functionally coupled. Two members of a 
functionally coupled MOLECULAR MACHINE pair may be attached to each another 
30 directly or indirectly, or they may be functionally coupled by means of a mobile substance, 
e.g., a pherxjmone, chemical transmitter, mediator or shuttle species. 

The term "molecular matrix," when used in reference to imprinting or Disposing a 
property, specificity, shape, structure or function from a molecule into a matrix, refers to a 
specifically attractive surface, strucnire, substrate or material, e.g., a chemically bland 
35 surface comprising a specifically recognizable surface feature. It will be appreciated by the 
skilled artisan on reading this disclosure that the distinction between chemically bland 
surfaces and chemically diverse molecules will become blurred as chemically bland surfaces 
are endowed with recognition properties as described herein, e.g., by surface librarv' 
sdection. grafting, imprinting and transposition. 
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The term "molecular medium." when used in reference to imprinting or transposmg 
a propertv. specificity, shape, structure or function from one molecule into another, means a 
nucleotide or nonnucieotide molecule comprising an imprint or impnnt library. 

"Molecular mimics" and "mimetics" are natural or synthetic nucleoude or 
5 nomiucleotide molecules or groups of molecules designed, selected, manufactured, modified 
or engineered to have a structure or function equivalent or similar to the structure or funcuon 
of another molecule or group of molecules, e.g.. a naturally occurring, biological or 
selectable molecule. Molecular mimics include molecules and mulumolecular stnicmres 
capable of functioning as replacements, altemahves, upgrades, improvements, structural 
10 analogs or functional analogs to natural, sv^theiic, selectable or biological molecules. 

The term "molecular recognition," when used in reference to heretofore known 
binding reactions, pairs, partners and complexes, means specific binding or hybridizauon 
and includes 1) specific binding bet^veen a ligand and receptor. 2) specific binding between a 
defined sequence segment and a nonoligonucleoude molecule, 3) specific binding between 
15 defined sequence segments and/or selected nucleic acid sequences, and 4) hybndizauon 
between complementar>- nucleic acid sequences and/or defined sequence segments^ The. 
«nns "molecular recognition" and "specific recognition" may be used interchangeably in 
certain instances. For example, when used m reference to recognition of a specifically 
attractive surface feature, "molecular recognition" means and includes specific recogniuon, 
20 i e.. structural -shape recognition as well as specific binding and hybridization. However 
shape-specific recognition of a strucmral shape or surface feature by a shape-speafic pro^ 
of the mstant invention is preferably referred to as specific recognition ratiier than mdeailar 
recognition. When used in reference to synthetic defined sequence segments, synthetic 
aptamer.. svntiietic heteropolymers, nucleotide ligands. nucleotide ^^^^^ J^J 
25 recognition elements, specifically attractive surfaces and MOIXCUI^R MACHINES 
disclosed herein, the term "molecular recognition" may include and does not necessanlv 
exclude specific recognition of structural shapes and surface features. 

The term "molecular recognition pair" means two molecular recognition partners 
Uiat specificallv bind or hybridize to one another. 
30 The 'terms "molecular recognition parmers" and "members of a molecular 

recogmtion pair" refer to pairs of molecules capable of specifically binding or hybridizing to 
one ^otiier, i.e., members of a specific binding pair or a pair of hybridizable nucleic aad 
sequences and include, without limitation, ligands, receptors, aptamers, aptamer targets, 
hvbridizable nucleotides, nucleotide ligands. nucleotide receptors, defined sequence 
35 segments, linker oligonucleotides, nomiucleotide linkers, selected nucleic acid sequen^s^ 
seLted molecules and molecular recognition sites comprising molecular scaffolds and 
multimolecular struauies. MOLECULAR MACHINES and multivalent molecular strucmres 
disclosed herein may further be capable of structural shape recogmtion i.e s^fic 
recognition of a surface featiire. The terms "molecular recognition parmer and speafic 
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recogniiion panner" may in certain cases be used interchangeably. A surlace feature 
recognized by a specific recognition site of a MOLECULAR MACHINE or multivalent 
molecular stnicture is preferably referred to as a specific recognition partner rather than a 

molecular recognition partner. 

5 The term "molecular recognition site" means the operative specific binding site, 

docking sue, receptor site, epitope, defined sequence segment, nucleotide or complementaiy 
sequence of a member of a molecular recognition pair. In the case of a MOLECULAR 
MACHINE or multimolecular simcture capable of specifically recognizing a structural shape 
or surface featuie. "molecular recognition site" means and includes a shape-specific 
10 recognition element, i.e.. a shape-specific probe. A surface feature recognized by a 
molecular recognition site of a MOLECULAR MACHINE or multivalent molecular stnicture 
is preferably referred to as a specific recognition partner or shape recognition partner rather 
than a molecular recognition partner or specific binding parmer. 

The term "molecular recognition unit" (MRU) is a term of art Uiat refers to a 

15 (preferably diminutive) portion or subset of an antibody. Fab fragment or peptide that retains 
binding or effector functions of the parent antibody. Fab fragment or peptide, optionally, 
refening to tiie minimally operative amino acid sequence of said antibody. Fab fragment or 
peptide. 

The tenns "molecular scaffold," "scaffold," and "polymer scaffold" mean a 
20 discrete stnicture or multimolecular stnicture, preferably a flexible linker molecule, polymer, 
pair or gix>up of attached molecules, monomers or polv-mers comprising a linear, curv ed, 
branched, circular, polygonal, bent, folded, looped, jointed, hinged, resiliem, elastic and/or 
flexible molecule, complex, nanostructure or microstruciure, advantageously a molecule, 
monomer, polymer or pair or group of attached molecules, monomers or polymers 
25 comprising a multimolecular device, paired specific recognition device or tetiiered specific 
recognition device. A molecular scaffold comprising a synthetic defined sequence segment is 
referred to as a "nucleotide-based molecular scaffold" or "nucleotide-based scaffold." A 
molecular scaffold comprising an aptamer is refeired to as an "aptameric molecular scalfold" 
or a "conjugated aptamer." An aptameric tethered specific recognition device is formed by 
30 two membere of a nonaptameric specific recognition pair conjugated to an aptameric 
molecular scaffold wherein at least one member of the aptameric and/or nonaptameric 
specific recognition pair preferably comprises an efl"ector molecule, e.g.. a signal-generating 
species or a dnig. A molecular scaffold comprising a tethered specific recognition device 
preferably comprises a Afunctional, trifunctional or multifunctional, more preferably a 
35 heterofunctional, heterobi functional or heterotrifunctional, polymer, copolymer or defined 
sequence segment. The scaffold is optionally designed, selected or engineered to provide 
suitable spacing and/or flexibility between functional elements (e.g.. tethered members of a 
specific recognition pair) to permit interaction between the functional elements (e.g.. specific 
binding between tethered specific binding partners) under defined conditions, e.g.. 
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conditional upon the absence of a dissociative stimidtis (e.g., an ailosteric ligand or 

compeuior). A molecular scaffold may further comprise or attach to a solid support. 

The tenns "molecular search engine" and "search engine," when used m reference 

to molecular diversitv, diversity space, molecular space, shape space, structural space, 

5 surface space, chemical space, catalytic space, surface attiaciivit>- space, posmonal space, 

and the like, means an informaUonal device(s) capable of searching and analyzing 

information regarding the strucmre, function and dynamics of molecules and matenals 

preferably an evolving informational system comprising at least one member ol a set ot 

networked, massively parallel informational device(s) comprising pairs of paired 

10 informational devices, processors and/or switches. 

The term "molecular shape" refers to molecular stnicture and function, particulariy 

the molecular recognition and catalytic recognition properties of molecules as distinguished 

from the structure and function of surface features and stnictural shapes. 

The term "molecular shape space" refers to the diversity of molecular shape and is 

15 equivalent to stnK:ture-activity space. "Molecular shape" and "molecular shape space" are 
used preferentially in certain instances to highlight the molecular recognition properties ot. 
individual molecules, as distinct from either 1) strticmral shapes and recognition properties 
comprising specifically attractive surfaces or 2) intennolecular interactions compnsing 
positional^, particularly the functional coupling achieved by mulumolecular devices of 

20 the instant invention. ^ j 

The tenns "molecular template" and "template" refer to nucleoude-based or 

nonnucleotide templates. 

The tenn "molecule" refers to single atoms, groups of atoms, molecules, 
compounds, species, free radicals, ions, salts and the like which may exist as individual 
25 molecules, groups of molecules, molecular species, substances or conjugates comprtsmg 

mdecutes. r , , 

-More complementars'- means having a greater number of complementar> 
nucleotides, a longer complementary sequence segment, a greater percent base painng or a 
higher G-C content within a particular sequence segment. The binding between hybndized 
30 nucleic acid sequences may be readily reversible, quasireversible or virtually ineversible 
depending, e.g., on the length and G-C content of the hybridized sequence segment, Ute 
number of complementary base pairs and the percent base pairing. 

The tenns "multimolecular adherent" and "molecular adherent" mean a speofic 
recognition device capable of specifically attaching a selected molecule to an amphibious 
35 surface or a specifically attiactive surface. A multimolecular adherem compnses at least a 
specific recognition element attached to a first selected molecule, wherein the specific 
recognition element is capable of specifically attaching the first selected molecule to a second 
selected molecule comprising an amphibious surface or a specifically attractive surface. In a 
prefcned aspect of the invention, the second selected molecule is a stmctural molecule 
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comprising an amphibious surf-ace. In another preferred aspect, the second selected molecule 
comprises a specifically recognizable surface feature (i.e., su^ctural shape) and the specHc 
recognition element .s a shape-spec.r.c probe. Recogmuon of a surface feature .s preferably 
referred to herein as specific recognition rather than specific binding or molecular 
5 recognition. Exceptions are discretionary. 

The terms "multimolecular adhesive" and "molecular adhesive" mean a 
multimolecular structure comprising at least two specific recognition elements capable of 
specificallv attaching two surfaces, at least one surface being an amphibious or specifically 
attractive surf^ace. A multimolecular adhesive comprises at least a bivalent molecule, template 
10 or scaffold comprising or connecting two specific recognition sues, at least one bemg 
capable of specificallv i«:ogni2ing a selected molecule and at least one bemg capable of 
specificallv recognizing an amphibious surf^ace or a specifically atuuctive surface. Two 
surfaces can be specificallv attached by a single muiumoiecuiar suuciure compnsvng a 
multimolecular adhesive that specifically recogmzes two surfaces. Alternatively, two 
15 surf-aces can be specifically attached by a muiumoiecuiar adhesive compnsing a pair or group 
of molecules or multimolecular structures that each bind a differem surf-ace or different 
molecule capable of attaching to a surface. In this case, the simultaneous or sequenual 
attachmem of the molecules or multimolecular structures to the ^vo surf^aces and to each 
other (i.e.. by self-assembly) results in the formation of multimolecular adhesive that 
20 attaches the two surfaces to one anothw. 

The tenn "multimolecular complex" or "multimolecular heteropolymenc complex 
refers to a svnthetic heteiopolymer or multivalent heteropolymenc hybnd structure havmg at 
least one identified molecule specifically bound or at least two different aptamer molecules 
bound to the same target molecule or attached to a common nucleotide spacer, spacer 
25 molecule, oligonucleotide linker or nomiucleotide linker molecule. A muiumoiecuiar 
complex comprises at least one synthetic aptamenc defined sequence segment, at least one 
other defined sequence segment which is a conjugated defined sequence segmem or .s 
capable of specific recognition, and at least one specifically attached selected 
nonoligonucleotide molecule. When used in reference to a complex cx)mprising a synthetic 
30 heleix>polvmer, the tenn "multimolecular heteropolymeric complex" is preferred. When used 
in Inference to a complex comprising at least two aptamers. the temi "aptamenc 
multimolecular complex" is also used. Two differem aptamer molecules joined to one 
another.either directly or via a linker molecule (i.e., a nucleotide spacer, spacer molecule 
oligonucleotide hnker or nomiucleotide linker) to fonn a discrete stnicture capable of 
35 specificallv binding two different nonoligonucleotide molecules may be refened to as either 
as a svnthetic heteiopolymer or as an aptameric multimolecular complex. Similariy, a 
discrete stnicture comprising an aptameric defined sequence segment attached mdirectiy via a 
linker molecule to a second defined sequence segment may be refened to as a syntheuc 
hetetopolN-mer. if the discrete stmcmie is capable of specifically recogmzmg a first. 
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nonoligonucleoiide molecule and of hybridizing a second, oligonucleotide molecule 
comprising a selected nucleic acid sequence. 

The lenns "multimolecular delivery system," "nucleotide-based deliveiy system," 
and "nuclcoude-based molecular delivery system," as used herein, refer to discrete structures 
5 capable of specifically lecognizing, binding or storing and transporting, carrying, providing, 
presenting, delivering or releasing a selected molecule or nucleic acid sequence to a selected 
target, receptor, site, region, proximity or destination. Uke multimolecular switches, 
transducers and sensors, multimolecular delivery systems comprise at least nvo specific 
recognition pairs or vxo defined sequence segments connected and functionally coupled by 
10 nucleotide-dependem positioning of the corresponding specific recognition sites. Unlike 
multimolecular switches, transducers and sensors, however, a preferred embodiment of the 
multimolecular delivery system provides additive, combined or synergistic functional 
coupling of a first and second selected molecule or nucleic acid sequence to a third object 
(i.e., a selected target) comprising a molecule, group of molecules, process, disease or 
15 condition. In other words, a preferred form of functional coupling for multimolecular 
deliver> systems does not involve the exchange of matter or energy between two specific 
recogration pairs connected by nucleotides, but instead relies on the combined binding or 
actiNitv- of wo specific recognition pairs positioned by nucleotides to modulate the binding 
or activitv^ of a selected target The term "multimolecular delivery system" further includes 
20 replicates, progeny, imprints and mimetics of nucleotide-based molecular delivery systems, 
including nomiucleotide imprints and mimetics, i.e., noraiucleotide multimolecular dcUvery 



svstems. 



The term "multimolecular device" means a novel and useful synthetic 
multimolecular structure comprising at least one synthetic defined sequence segmem and a 
25 second molecule (e.g.. a multimolecular switch, transducer, sensor or molecular deUverv- 
svstem. a tethered recognition device or a MOLECULAR MACHINE) or. alternatively, a 
novd and useful replicate, progeny, imprint or mimetic of a multimolecular strucmre that 
comprises at least one synthetic defined sequence segmem and a second molecule, e.g.. a 
nonnucleotide imprim or mimetic of a nucleotide-based multimolecular device. The term 
30 "nucleotide-based multimolecular device" refers to synthetic nucleotide-based, aptamer- 
based or heteropoUmer-based discrete structures comprising at least two molecules and 
includes, wiUiout limitation, nucleotide-based multimolecular switches, multimolecular 
sensors, multimolecular transducers, multimolecular drug delivery systems, molecular 
deliver%' svstems, multimolecular adhesives. multimolecular adherents and tethered 
35 recognition devices. Nucleotide-based multimolecular devices are optionally referred to 
simplv as multimolecular devices. The term "multimolecular device" further includes 
replicates, progenv. imprints and mimetics of nucleotide-based multimolecular devices, 
including nonnucleotide imprints and mimetics. i.e., nomiucleotide multimolecular devices. 
A nucleotide or nonnucleotide multimolecular device may be referred to as a "multimolecular 
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structure- or "multivalent molecular structure." Nucleoude-based multimolecular dev.ces 
advaniageouslv comprise replicatable nucleotides. 

The 'terms "multimolecular diug delivery system" and "multimolecular drug 
deliverv- device" refer to a nucleotide -based or nonnucleoude mulumolecular device capable 
5 of faciliiauna. enhancing, enabling or modulating the administration, delivery, dosmg. 
safety, efficacy, release, activation, clearance, transport, pharmacodynamics or 
pharmacokinetic of at least one drug or prodrug administered to or contacting an organism. 
Advantageously, one drug or prodrug is specifically attached to a first specific recogmuon 
element (e.g., an aptamer or designer receptor) comprising the multimolecular dnig deliverv 
10 system A second specific recognition element comprises or specifically recognizes a second 
drug or prodrug or a selected target Specific interaction of the second specific recogniuon 
element with a selected target results in target-specific deliven-. release and/or activation of 
the specifically attached drug or prodrug at or near its therapeutic receptor. Aliemauvely. 
where the second specific recognition element comprises or specifically attaches a second 
15 drug or prodrug, the multimolecular drug delivery system is capable of combination therapy, 
e g delivery of two different drugs to neighboring therapeutic targets or receptors. A 
muUimolecuiar doig delivery system may be specifically, covalentiy. pseudoirreversibly or 
quasireversiblv conjugated to a biological or biocompatible substance or immobilized to a 
biological or biocompatible solid support (e.g., a cell, surface, tissue, polymer, device or 
20 carrier). Useful synthetic solid supports comprising immobilized mulumolecular drug 
delivery systems include, without limitation, artificial organs, artificial cells, arufical skin. 
implaniaWe devices, controlled release polymers, gels, foams, insoluble polymers, 
bioerodible polvmers, transdermal devices, pumps, infusion devices, indwelling sensors, 
vascular eralis, artificial valves, artificial joints, prosthetic devices, endoscopes, opucal 
25 fibers imaging devices, ablation devices, catheters, guidewires. surgical equipment, 
diagnostic devices and monitoring devices. Preferred multimolecular drug delivery systems 
of the instant invention include smaRTdrugs. multimolecular complexes, promolecular 
delivery dex .ces and tethered recognition devices comprising targeted, tethered or triggered 
release' prodrug complexes. In a preferred embodiment, designer receptors comprising 
30 multimol^ular drug delivery systems are selected for the ability to mimic the speafiaty ot a 
therapeutic receptor for a drug. 

The term -multimolecular heteropolymeric complex" means a mulumolecular 
complex comprising a synthetic heteropolymer. i.e., a mulumolecular complex comprising at 
least one sNTitiietic aptameric defined sequence segment, at least one other defined sequence 
35 segment which is a conjugated defined sequence segment or is capable of specific 
recognition and at least one specifically attached nonoligonucleoude mdecuie. 

The terms "multimolecular lubricant- and "molecular lubricant- refer to a 
multimolecular stnicmre or multimolecular device that separates two surfaces, preferably 
amphibious or specifically amactive surfaces, by attaching to one or both surfaces and 
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reduces the friction, adhesion, traction or direct interaction benveen the surfaces. Separation 
of the surfaces is achieved by template-directed attachment of a selected molecule, nucleoude 
or conjugate, preferably a structural molecule (e.g.. a fullerene, buckyball, carbon nanonibe, 
carbon nanorod, polvmer, surfactant or glass) or an effector molecule (e.g., a colloid, 
5 nanosphere, microsphere or molecular ball bearing) to a first surface. The first surface- 
attached selected molecule,, nucleotide or conjugate may further comprise or attach to a 
specific recognition element (e.g.. a ligand, receptor or oligonucleotide sequence) that ,s 
capable of specifically attaching to the second surface, e.g.. by specific recogmuon of a 
selected molecule, selected nucleic acid sequence or surf-ace feanire comprising the second 
10 surface. Specific attachment of a muitimolecular lubricant to one or both surfaces is 
advantageously quasireversible, wherein dissociation and reassociation of one or more 
recognition elements enables moyemem of the muitimolecular lubricant relative to one or 
both surfaces, i.e., movement of the suri-ace(s) relative to the muitimolecular lubricant 

The term "muitimolecular sensor" means a muitimolecular device comprising a 
15 sensor, optionally including a muitimolecular transducer and/or a muitimolecular s^vitch. 
which is capable of sensing, delecting, measuring, monitoring, determining or quantifying- 
one or more substances, events, activities or properties. 

The teims "muitimolecular structure" and "multivalent molecular smicture" refer to 
a synthetic muitimolecular or multivalem nucleotide or nonnucleotide molecule or complex, 
20 e g. a discrete structure, molecular complex, molecule or molecular scaffold comprising at 
leasl tvvo molecules and/or two recognition sites attached to one another either noncovalently 
or covalenUv. A muitimolecular structure comprising a defined sequence segmemd.e., a 
nucleotide-based muitimolecular structure) is a discrete suiicture. A muitimolecular structure 
lacking a nucleotide is a nonnucleotide muitimolecular strucwre and is not a discrete 
25 structure. Muitimolecular structures include, without limitation, molecular complexes, 
conjugates, multivalent templates, multivalent molecules and multivalent molecular 
scaffolds, aptameric and heteropolymeric discrete suuctures, and nucleotide-based and 
nonnucleotide multimdecular devices. 

The term "muitimolecular switch" means a muitimolecular device comprising at 
30 least mo defined sequence segments or specific recognition pairs capable of participating in 

stimulus-response coupling. 

The teim "muitimolecular transducer" means a muitimolecular device capable of 
performing a desired function, i.e., transducing an input into a desired output, by means of 
functional coupling between or among two or more selected molecules or between at least 
35 one selected molecule and one selected nucleic acid sequence, e.g., by molecular channehng, 
electronic coupling or energy transfer. The function of a muitimolecular transducer depends 
on additiAe or partiaUy additive, combined, simultaneous, cooperative or synergisuc 
functional coupling between or among selected molecules and/or selected nucleic acid 
sequences comprising or recognized by the muitimolecular transducer. 
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The terms "multivalent" and "multisite," when used in reference to nucleotide- 
based. aptameric, heteropolymeric and nonnucleoiide devices, templates, scaffolds and 
molecules, means comprising at least two specific recognition sites. The term "multivalem," 
when used in reference to a mulUvalent heteropolymeric hybrid su^cture, means having at 
5 least two specific recognition sites m addition to the hybridizable defined sequence segments 
joining the synthetic heteropolymers that form the multivalent heteropolymeric hybrid 
structure, i.e., having at least two available and/or unoccupied valencies. In other words, at 
least two specific recognition sites comprising a multivalent heteropolymeric hybrid structure 
are caf»ble of specifically recognizing selected mdlecules or selected nucleic acid sequences 
10 other than the synthetic heteropolymers that form the multivalent heteropolymeric hybrid 
stfucture itself. For example, a multivalent heteropolymeric hybrid strucnire consisting of 
two hybridized bifunctional synthetic heteropolymers is a bifunctional (i.e., bivalent) 
multivalent heteropolv-meric hybrid structure having two available salencies and two 
hybridized (i.e., occupied) defined sequence segments. 
15 The term "multivalent heteropolymeric hybrid structure" refers to t\vo or more 

synthetic heteropolymers hybridizably linked. Each heteropohmer comprises nucleotides,, 
preferably oligonucleotides, havmg at least two defined sequence segments. A first defined 
sequence segment of at least one heteropolymer is capable of specifically binding to a 
nonoligonucleoudc molecule or group of molecules, preferably a receptor, ligand, strucmral 
20 molecule or molecular effector. The first defined sequence segments of other synthetic 
heteropolviners comprising the multivalem heteropolymeric hybrid structure are capable 
eitherof specifically binding tea selected molecule or of specifically binding or hybridizing 
to a selected nucleic acid sequence or of positioning a conjugated selected molecule within 
functional coupling distance of a nonoligonucleotide molecule specifically bound to the first 
25 defined sequence segmem of the first synthetic heteropolymer. thereby enabling functional 
coupling beixveen the conjugated selected molecule and the specifically bound 
nonoligonucleotide molecule. Functional coupling of a conjugated selected molecule includes 
detection of target molecule binding (i.e.. to form a multimolecular complex) by molecular 
proximity-dependent single-molecule detection. Where the first defined sequence segment of 
30 the second s>-nthctic heteropolymer is designed or selected to position a conjugated selected 
molecule for functional coupling to a specifically bound nonoligonucleotide molecule, the 
specifically bound nonoligonucleotide molecule is preferably an effector molecule and more 
preferably a signal-generating species or a drug. The specifically bound nonoligonucleotide 
molecule is not a ligand or receptor covalentiy or pseudoirrevereibly attached to the 
35 conjugated selected molecule. In other words, the two defined sequence segments of a 
bifunctional multivalent heteropolymeric hybrid sttucture that are specifically bound and/or 
conjugated to nonoligonucleotide molecules are not direcUy attached to the same 
nonoligonucleotide molecule, one specifically and the other covalentty or pseudoirreversibly. 
Nor are they direcdy attached to the same covalentiy or pseudoirreversibly conjugated pair or 



:NSD0CI0: <WO_9960169Ai J_> 



wo 99/60169 PCT/US99/U215 
- - 52 - 

of molecule, eg., a ughUy bound o, covalcnUy c,o»l>nk.d ^'^-^'^^J^ 
tU d=fm«i seque»:e segment of a bifuncuon^ muluvale., h«.,cpCv™cnc hyb«d 

r.pcc,nca«v bound molecule and c«>i«|a>«. mCecule for ,u„c»o„al coupling W 
5 * fl^uv *.„voditferen.a,«h«imol.cul.sa«si«.specifi=allya«achcdu,mod.fIe™t 
d ntquen^ «gm«..s of ■v.o diffe^n,. hybndizably UnW synihcdc he^ropolymer.^ 
slnd denn«. s^Z. of Ok syn«»Uc K«.polyn^ con.pn.ng a — 

he«™polv™.nc bybnd s«uau« are capable of hybrid,™g to each o,her or lo a Unte 
oligoJ^eoSde, opdondlv forming a double-handed recogmdon sue (eg., an ap.amer^ 
10 fnTno^ac.^ e^»pe or blolopca, re«,gn.Uon s„e, or in.,calaUo„ si« (e.g.. for a dru a 
Tor. n,o« ^^y. an In^rcaladng agen,, l^iween >be f.r.. def.ned ^'■^^^^ 
a nrst ^y^lheuc he^ropolymer and U« n« def.ned s«,u«.c segment of a seco^l sy^heuc 

■"^'Cenns -muldvaleM impnn.- and "bivalen. impnn,- reler »> a Svalen. and/or 
15 muWvalen, mulumolecular sm«u« compming an idiowc or annidlotypic ..npnnu 
"pllca^, m.medc. Cone or mu,an, of a muldvalen. molecular hucnne or a p wa^>^ o^ 
polonally orde^l molecules comprising a muiamol«»a.r suu^ or 
Lee. When us»J in «fere»x «. P«n. molecule(s) or mulumolecul^ suucn^s 
comp,isingaplu«li.yof«ogmUon.len«ms.>l«^-mul,ivaien,,mpnm-and 
20 mp^m- me^ a selec»i. impnn«i. ..a.sp««d. mim.dc "r P-jny molecule 
Zmolecular com^^ing a plural.iy of and W or 

etanems capable of r«x>gnizing, compeung wi*. crossreacdng w,U,. m.m,cUng o^ 
a^^ximau^ .he co^spo^ling recogni.ion elements) of *e ^. "-"^^^ 
mlm„.eculars.n.cm,e(s,. InodKr words, each impnm or p,cg«,y '-^-^'^ 
25 e,d.er an .diorv'pe or an anu,dio<ype of a correspondmg precursor or parCT. recogmd^ 
When^ in .efer««, «> .miming « ua«posi„g a <7'> ■"-""^^ 
or muldmolecular saucmr. having a pluraUty of recogninon elements, ""P""' 
°,™..po«tio.- refer ,o.p,og.nymul«v.len.templa.eormuldmolecularsmK«.re cap^^ <^ 
m^ng U« para, or an impdnt of the parent. ,.e.. ,h. progeny muldvalen. .empl^ or 
30 :llL,r ™ has recognidon elements that corres^ Z 
awiidiotypically to ^ ^^oo °f *= Parent muldvalent template or 

mulUmolecular Structure. . , ^ 

The term "multivalent molecular stnicture" means a multimolecular structure. 
The term "mutaUon/ when used in reference to transposing, transtormmg. 
35 .mpr.nt,ng or m.m.c^ng a nonnucleodde mol^e or selected ^^^^1'^^^^ 
molecules refers to a variation or change in structut.. shape. acuv,t> , funcuon, propemeso 
« of the ptoducc compared to the precursor, e.g. , an approximauon or variant rather 
than a perfecUy faithful imprint or copy. 
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The terais "native," "in nature", "natural," "naturally occurring." "biological" and 
"organism," refer to spontaneously occurring substances or beings that are not willful 
products of human-directed recombinant or transgenic technologies. In the case of hybrid 
plants and ammals that have been identified and/or perpetuated by cross-breeding, selective 

5 breeding, cross-pollinauon, stem or limb grafting and the like, the terms "native," "in 
nature", "natural." "naturally occurring," "biological" and "organism" mean and include only 
heretofore known strains. Where the distinction between natural and syntheUc is ambiguous, 
a heretofore known substance, being or strain shall be considered natural for purposes of 
this disclosure, and a heretofore unknown substance, being or strain shall be considered 

10 synthetic. 

The term "networked," when used in reference to search engines, means multiple 
interconnected informauonal devices comprising an informational system. The mformauonal 
system preferably comprises multiple application-specific search engines functionally 
coupled lo one another and to an information source, e.g., a database comprising known 
15 information. 

The term "nonaptameric," when used in reference to a nucleotide-based. 
mulumolecuiar device, means a discrete structure that does not comprise a nucleotide 
sequence heretofore known to be an aptamer. The term "nonaptameric." when used in 
reference to a multimolecular structure, means a nonnucleotidc mulumolecuiar strucmre or a 
20 nucleoude-based multimolecular strucmre (i.e.. a discrete smicture) which is not known to 

comprise an aptamer or to rely on the recognition properties of an aptamer. In the event a 
nucleotide sequence comprising a nucleotide-based multimolecular structure is subsequenUy 
discovered to comprise a previously undiscovered aptamer, the multimolecular smicmre is 
considered to be a nonaptameric multimolecular structure, unless and until the aptameric 

25 sequence of the multimolecular structure specifically recognizes its target under conditions of 
use, thereby forming a multimolecular structure comprising an aptamer-target complex. A 
nonnucleotide multimolecular strucmre is also a nonaptameric multimolecular structure. 
When used in reference to a multimolecular device, the term "nonaptameric" similarly means 
a nonnucleotide multimolecular device or a nucleotide-based multimolecular device which is 

30 not known to comprise an aptamer or to rely on the recognition properties of an aptamer. In 
the event a nucleotide sequence comprising a nucleotide-based multimolecular device is 
subsequently discovered to comprise a previously undiscovered aptamer, the multimolecular 
device is considered to be a nonaptameric multimolecular device, unless and until the 
aptameric sequence of the multimolecular device specifically recognizes its target under 

35 conditions of use, thereby forming a multimolecular device comprising an aptamer-target 
complex. A nonnucleotide multimolecular device is also a nonaptameric multimolecular 
device. 

The term "nonaptameric multimolecular device" refere to a nucleotide-based or 
nonnucleotide multimolecular device (e.g., a multimolecular switch, multimolecular sensor. 
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mulumolecular iransducer, multimolecular deliver>' s>^«m, paired specific recognition 
device tethered specific recogniuon device, multimoiecular adherent, mtJumolecular 
adhesive, molecular adsorbent or MOLECULAR MACHINE) which does not compose a 
known and/or operative aptamer. A nucleotide-based nonaptameric multimoiecular device 
5 comprises either 1) at least two different specific binding pairs comiected by a single defined 
sequence segment, each specific binding pair being attached m a controlled manner to a 
defined site "or nucleotide position or 2) at least two different defined sequence segments and 
at least tuo different specific binding pairs, each specific binding pair being conjugated to a 
different defined sequence segment, wherein the two conjugated defined sequence segmen^ 
10 are hvbridized to a linker oligonucleotide which thus joins and positions the nvo conjugated 
defined sequence segments within a single discrete structure or 3) at least t>vo members of a 
specific binding pair or four members of two specific recognition pairs covalenUy or 
pseudoirreversiblv attached to a molecular scaffold. Nonaptameric multimoiecular devices 
that do not comprise a nucleotide are nomiucleotide multimoiecular devices and include. 
15 e.g.. nonnucleotide paired specific recognition devices, nonnucleotide tethered specific 
recognition de>'ices. nonnucleotide molecular adsorbents and nonnucleotide multimoiecular. 
adherents, multimoiecular adhesives, multimoiecular switches, multimoiecular sensors, 
multimoiecular transducers and multimoiecular delivery systems. ... 
The term "nonnuclcic acid molecule" means a molecule or group of molecules that 

20 is not a nucleic acid. r 

The terms "nonnucleotide" and "nonnucleotide molecule," when used in reference 
to a molecule, residue, moiety or group, means the molecule, residue, moietj^. or group m 
question is not a nucleotide. When used in reference to an amphibious surface, tiie term 
"nonnucleotide- means the surface does not comprise a heretofore known nucleoude-based 
25 molecular recognition partner unless and until modified b>- a multimoiecular device of the 
instant invention. A nomiucleotide amphibious surface modified by a nucleoude-based 
multimoiecular device of the instant invention is referred to as an amphibious surface or a 
nucleotide-based amphibious surface. 

The term "nomiucleotide library " means a mixwre of molecules which does not 
30 comphse nucleotides or a library that is not a nucleotide library . or a pair, group or hbrary of 
libraries that are not nucleotide libranes. Typically, nomtucleotide libraries of rhe mvennon 
are diverse mixtures of molecules of a particular nomiucleotide tN-pe or class, e.g.. pepudes, 
pioteins, small molecules, lipids, carbohydrates, acrylates, polyalcohols. polyeste^ 
polvstvrenes, polyolefins. glycols, dendrons. antibodies, amino adds, engineered 
35 antibodies, oligosaccharides, and organic polymers such as polyhydn^xyalkanoates. 
polNT)henols,poylphosphatesandpolysulfates. ^ ^ ^ 

The terms "nomiudeotide multimoiecular device" and "nomiucleoude-based 
multimoiecular device" mean a multimoiecular device that does not comprise a synthetic 
heteropoUmer, aptamer or defined sequence segment. 
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The lerm "nonnucleotide surface," when used in reference to an amphibious 
surface, means a surface that does not comprise a hereiofore known nucleoiide-based 
molecular tecogniuon parmer unless and until modified by a multimolecular dexice of the 
instant invention. A nonnucleoude amphibious surface modified by attachment of a 

5 nucleotide-based multimolecular device of the instant invention may be referred to as an 
amphibious surface or a nucleotide-based amphibious surface. 

The terms "nonoligonucleotide" and "nonoligonucleotide molecule" mean a 
molecule or group of molecules which is not an oligonucleotide or, in the case of a conjugate 
comprising a first mtrfecule that is an oligonucleotide attached to a second molecule that is 

10 not an oligonucleotide, the portion of the conjugate originating from or consisting of the 
second molecule. 

The terms "nucleic acid amplification" and "nucleic acid amplification system" refer 
to processes and/or reagent means for amplifying nucleotides, including, without limitation, 
biological, enzNTnatic, in vivo, in vitro and in situ methods relying on thermal cycling, 
15 isothermal methods, cloning, nucleotide vectors, parasites, self-sustained reactions and the 
like, e.g.. PGR. LCR. Q-beta replicase. 3SR, TAS. RCR. CPR, ribonuclease H and reANCP 
methods. 

The term "nucleic acid molecule" refers to biological, naturally occurring, 
nonbiological and synthetic nucleotides, oligonucleotides and selected nucleic acid sequences 
20 which may optionally be conjugated to one or more nonoligonucleotide molecules. 

The term "nucleolibrary-directed" refers to a product or process comprising, 
relating to or depending on from screening and/or selection of a nucleotide library, 
preferably a paired library comprising a nucleotide library functionally coupled to a 
nonnucleotide libraries. 

25 The terms "nucleoplastic" and "plasticity," when used to describe s\-nthetic 

nucleotides, nucleotide libraries, progenic molecules, segments, templates, progeny, 
mimics, imprints, clones, conjugates, copies, simulations, modifications and products and 
progeny therefrom, refers to the diversity of members of the set of all nucleoplastic libraries 
comprising nucleotide and nonnucleotide libraries and paired libraries, also referred to herein 
30 as (libraries)^, wherein the composition and/or sequence, if applicable, of a heretofore 
unknown plastic nucleoprobe becomes known following library selection. 

The teims "nucleoplastic library," "nucleodiverse library," "nucleotide library " and 
"(libraries)N" refer to the set of all possible pairs of parent and progeny molecular libraries 
comprising a first member which is a nucleotide library and a second member which is a 
35 nonnucleotide library, wherein the first and second libraries are capable of being functionally 
coupled, including the set of all molecular libraries and members of molecular libraries that 
evolve from said parent or progeny molecular libraries. The terms also refer, as Uie case may 
be, to any set or subset of plastic segments or templates and any set or subset of libraries 
comprising a nucleoplastic library. 
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The teim "nucleoprobe" refers to a nucleotide comprising a specific recogruiion 
element or. in the case of a plastic nucleopiobe. a parent nucleotide, replicate, progeny, 
imprint or mimetic comprising a specific recognition element Nudeoprobes include, without 
limitation, nucleotide-based specific recognition elements and sv-ntheuc heieropolymers, 

5 multimolecular devices, imprints, progeny, replicates and mimetics comprising or 
originating from at least one nucleotide-based recognition element. 

The term "nucleotide" includes nucleotides and nucleotide analogs, preferably 
groups of nucleotides comprising oligonucleotides, and refers to any compound containing a 
heterocyclic compound bound to a phosphorylated sugar by an N-glycosyl link or any 

10 monoiiier capable of complementarv' base painng or any pohmer capable of hybridizing to 
an oligonucleotide. 

The term "nucleotide analog" lefere to molecules that can be used in place of 
naturally occurring bases in nucleic acid synthesis and processing, preferably enzN-matic as 
well as chemical synthesis and processing, particulariy modified nucleotides capable of base 
15 pairing and optionally s>-ntheiic bases that do not comprise adenine, guanine, cytosine. 
thymidine, uracil or minor bases. This term includes, but is not limited to, modified purines- 
and pvTimidines, minor bases, convertible nucleosides, structural analogs of punnes and 
pyrimidines. labeled, derivalized and modified nucleosides and nucleotides, conjugated 
nucleosides and nucleoudes, sequence modifiers, terminus modifiers, spacer modifiers, and 
20 nucleotides with backbone modifications, including, but not limited to, ribose-modified 
nucleotides, phosphoramidates, phosphorothioates, phosphonamidites, methyl 
phosphonates, methyl phosphoramidites, methyl phosphonamidites. . 5'-B^yanoethyl 
phosphoramidites, methylenephosphonates. phosphorodithioates, peptide nucleic acids, 
achiral and neutral intemucleotidic linkages and nonnucleotide bridges such as polyethylene 
25 glycol, aromatic polyamides and Upids. These and other nucleotide and nucleoside 
dwivaiives. analogs and backbone modificaUons are known in the an (e.g., Piccirilli J A. et 
al. (1990) Nature 543:33-37; Sanghvi et al (1993) In: Nucleosides and Nucleotides as 
Antitumor and Antiviral Agents, (Eds. C.K. Chu and D.C. Baker) Plenum, New York, pp. 
311-323; Goodchild J. (1990) Bioconjugate Chemistry 7:165-187; Beaucage ei al. (1993) 
30 Tetrahedron 49A925-I96i). 

The term "nucleotide-based." when used in reference to a multimolecular device, 
multimolecular switch, multimolecular transducer, multimolecular sensor, multimolecular 
deliver>- system, multimolecular drug delivery system, tethered recognition device or 
molecular scaffold, means comprising at least one defined sequence segment 
35 The term "nucleotide catalyst* means a synthetic nucleotide or nucleotide-encoded 

nonnucleotide molecule comprising a catalytic recognition partner, preferably a nucleic acid, 
nucleotide or nonnucleotide molecule identified by screening and selection of a preferably 
diverse mLxmie comprising nucleic acid molecules, nucleotides, modified nucleotides or 
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nucleotide-encoded nonnucleotide molecules, advantageously a diverse library- comprising 
soluble, conjugated or immobilized molecules. 

The term "nucleotide-dependent functional coupling" means functional coupling 
between or among nucleotide or nonnucleotide molecules w hich depends on or is brought 
5 about by attachment of at least one molecule to at least one nucleotide comprising a discrete 
structure. 

The terms "nucleotide-dependent molecular positioning." "nucleotide-dependent 
positioning" and "nucleotide- positioned" means molecular positioning thai depends on either 
1) attachment of a molecule or group to a nucleotide comprising a defined sequence segment 

10 or 2) attachment of a molecule or group to a defined sequence segment comprising a 
nucleotide or 3) attachment of a molecule cx group to a nucleotide comprising a defined 
sequence segment comprising a nucleotide-based multimolecular device, wherein the 
position of the attached molecule or group depends on the position of the nucleotide 
comprising the defined sequence segment or the position of the defined sequence segment 

15 comprising the multimolecular device. 

The terms "nucleotide-directed," "nucleotide-ordered," and "nucleotide template-, 
ordered" refer to nucleotide-dependent molecular positioning, nucleotide-dependent 
functional coupling and/or the preparation, properties and use of multimolecular devices. 
Nucleotide-ordered multimolecular devices include nucleotide and nonnucleotide replicates. 

20 clones, mimeiics, imprints, progeny and conjugates of nucleotide-ordered multimolecular 
devices, including replicates, clones, mimetics, imprints, progeny and conjugates Uiereof 

and progeny therefrom. 

The lerm "nucleotide library" means a librarj-, paired libnuy or group of libraries 
comprising nucleotides or nucleotide mimetics. including, without limitation, nucleic acid 
25 libraries, nucleotide libraries, modified nucleotide libraries, libraries comprising nucleotide 
analogs or nucleotide mimetics, nucleotide-encoded libraries, nucleotide-ordered molecular 
libraries, paired nucleotide libraries, nucleotide-nonnucleotide libraries, libraries of 
nucleotide libraries, libraries of libraries comprising nucleotides or nucleotide libraries, and 
any library comprising nucleotide and nonnucleotide molecules, wherein a nw:leotide 
30 molecule comprises, attaches to or is capable of attaching to a nonnucleotide molecule. 

The terms "nucleotide ligand" and "nucleotide receptor" refer to molecules or 
functional groups comprising or attaching to modified nucleotides, derivatized nucleotides, 
nucleotide analogs, nucleotide-encoded molecules or nucleotide-encoded chemical, shape or 
sequence libraries. Nucleotide ligands and nucleotide receptors are preferably derivatized 
35 monomers, optionally dimers or trimers, selected for tiie ability to specifically recognize an 
identified molecule or stnictuial shape. Specific recognition properties are residue-dependent 
or modification-dependent, as distinct from sequence-dependent aptamer-based specific 
recognition. Preferably, a nucleotide ligand or nucleotide receptor comprising a derivatized 
nucleotide is selected for the ability to specifically recognizie an identified molecule that is not 
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heretofore knoxvn to specifically recognize the undenvaiized nucleotide. In other words, 
specific recogniuon is a piopert> of the derivative or denvatized nucleotide, not the 
underivatized nucleotide. Thus, a nucleotide receptor that is a member of a first specific 
bindmg pair (i.e., the nucleotide receptor and its ligand) may also be a member of a second 
5 specific binding pair, e.g., the nucleotide receptor may be specifically recognized by a 
receptor (e.g., an antibody) or an apiamer. In other words, a nucleotide receptor may also be 
a ligand. Conversely, a nucleotide ligand may also be a receptor. Where there is overiap or 
potential ambiguity in the use of these terms, "nucleotide ligand- and "nucleotide receptor- 
may be used interchange^ly. 
10 ' The term "nucleotide mimetic" means a nucleotide analog or a nonnucleoude 
molecule capable of being replicated by nucleic acid cloning, replication or amplification 
metiiods known in the an. i.e.. a nucleotide analog or a molecule capable of mimicidng a 

replicatable nucleotide. 

The term "nucleotide-nonnucleoiide" refers to a pair comprising a first nucleotide 
15 or nucleotide-based member and a second nonnucleotide or nonnucleotide-based member. A 
"nucleotide-nonnucleotide library" or "paired nudeotide-noraiucleotide library" is a paired- 
librar> comprising a nucleotide library functionally coupled to a nonnucleotide library-. 

The teims "nucleotide or nonnucleotide." "nucleotide and nonnudeotide." 
"nucleotide-based or nonnucleotide" and "nucleotide-based and nonnucleotide," when used 
20 in reference to methods, compositions and devices disclosed herein, mean consisting of or 
comprising any type of molecule, i.e., nucleotide and/or nonnucleotide molecules. 

The term "nucleotide space" means the dimensionless product of all molecular and 
surface diversity spaces encompassed by all nucleotide libraries, induding members of 
molecular libraries and surface libraries comprising or attaching to members of nucleotide 
25 libraries. 

The terms "nucleotide spacer" and "spacer nucleotide" refer to one or more 
nucleotides, spacer arms, spacer molecules or groups selected or designed to join at least 
two nucleotides, defined sequence segments and/or a nudeotide and a nonnudeoude 
molecule, preferably to alter or adjust the distance between the two nudeotides. defined 
30 sequence segments and/or nudeotide and nonnudeotide molecules, and indude individual 
nucleotides, groups of nucleotides, nudeotide analogs, modified nucleotides, spacer 
modifiers, spacer sequences, spacer molecules, linker molecules, linker oligonucleotides, 
nonnucleotide linkers and mutually hybridizable defined sequence segments comprising 
synUietic heteropolymers, multivalent heieropolymeric hybrid smicmres, discrete 
35 heteiopolvmenc structures and nudeotide-based multimolecular devices. Nudeotide spacers 
mav also comprise contiguous or interspereed groups of molecules comprising a defined 
sequence segmem or joining two defined sequence segments and may advantageously 
comprise replicatable nucleotides. 
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The tenn "nucleotide template" means a defined sequence segment capable of 
attaching at least tNvo selected molecules to one another, u herem the template is capable ot 
specifically binding at least one of the selected molecules. The other selected molecule may 
be specifically bound, covalently attached or pseudoiireversiblN attached to the template. 
5 Also included are nucleotide and nonnucleotide clones, replicates, mimetics. imprints, 
progeny and conjugates of nucleotide templates, including clones, replicates, mimetics. 
imprints and conjugates thereof and progeny therefran. 

The teim "oligcHiucleotide" means a naturally occurring or sy nthetic polymer of 
nucleotides, preferably a polymer comprising at least three nucleotides and more preferably a 
10 polymer capable of hybridization. Oligonucleotides may be single-stranded, double- 
stranded, partially single-stranded or partially double-stranded ribonucleic or 
deoxyribonucleic acids, including selected nucleic acid sequences, heteroduplexes, chlmenc 
and hybridized nucleotides and oligonucleotides conjugated to one or more 
nonoligonucleotide molecules. 
15 The terms "oligonucleotide conjugate" and "conjugated oligonucleotide" mean an 

oligonucleotide conjugated to, incorporating or comprising a nonoligonucleotide molecule or 
a nonoligonucleotide molecule covalently or pseudoirrevereibly attached to an 
oligonucleotide. 

The term "paired nucleotide-nonnucleotidc library" means a paired library 
2 0 comprising a nucleotide libraiy functionally coupled to a nonnucleotide library. 

The term "paired nucleotide-nonnucleotide mapping library" refers to a mapping 
libraiy comprising a paired nucleotide-nonnucleotide library , i.e., a paired nucieotide- 
nonniKleotide library comprising a plurality of selected recognition partners identified, 
collected or accumulated by screening and/or selection of at least one imprint librar>, 
25 preferably a plurality of imprint libraries, to map. imprint, transpose, evaluate or characterize 
the reco^tion properties of a plurality of target molecules, preferably a selected population 

of selected molecules. 

The tenns "paired recognition pair" and "paired recognition device" mean a 
multimdecular stnictute comprising at least two different recognition pairs, each recognition 
30 pair comprising two members. 

The tenns "paired specific recognition pair." "paired specific recognition device," 
•paired molecular recognition pair" and "paired molecular recognition device" mean a 
synthetic multimdecular stnicnire comprising at least two different specific recognition pairs 
conjugated to a molecule, synthetic nucleotide, or molecular scaffold or comprising a 
35 nucleotide-based multimolecular device, each specific recognition pair comprising two 
specific recognition partners. Advantageously, the specific recognition pairs are positioned 
for functional coupling by site-directed attachment to the same molecule, molecular scaffold 
or nucleotide, e.g., the binding or activity of a member of one specific binding pair can 
modulate the binding or activity of a member of the other specific binding pair. Paired 
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specific recognition devices include, without limitation, heteropolymeric, aptameric. 
nonaptamenc and nonnucleotide multimdecular devices comprising at least two dtfferent 
specific recognition pairs and multimolecular structures capable of mimicking mulomolecular 
devices compnsing at least tNvo different specific recognition pairs, including replicates, 
5 imprints, mimetics and progeny thereof. Biological proteins, antibodies, and heretofore 
known bispecific, bivalent and multivalent synthetic, recombinant and engineered 
antibodies, antibody fragments, peptides, proteins, bactenophage, immunoadhesins and 
fusion proteins are not paired specific recognition devices. 

The term -paired templates" means at least two templates that are related to one 
10 anotiier as parent and progeny or by one or more cycles of replication, transcription, 
conjugation, clomng. imprinting or transposition, tmnsformatioo, projection, reflecuon or 
passage through a nucleotide library, optionally a paired nucleotide-nomiucleoade library. 

The term "pair of specific recognition pairs" means two difi-erent specific 

recognition pairs. „ r . 

15 The terms "pair of specific binding pairs- and -paired specific binding pair referto 

a pair of specific recognition pairs whose members are capable of specific bmding or. 
structural shape recognition (i.e., any form of specific recognition except hybndizauon). 
"Paired specific binding pairs" means the specific binding pairs comprise a paired specific 
recognition device, i.e., they are attached to a common molecule, molecular scaffold or 
20 nucleotide, advantageously within functional couphng distance. 

The terms "payload" and "payload molecule," when used in reference to a 
promolecular deliven' device or promolecule cornplex, mean a nucleotide or nonnucleotide 
molecule specificallv attached to a designer receptor, i.e., a specific recognition parmer of a 
designer receptor. Pavload molecules may include, without limitation, selected molecules, 
25 nucleotides, selected nucleic acid sequences, strucmral shapes and surface feamres. Deliven- 
of a pavload molecule to a selected target by a promolecular delivery device provides a 
desired'result caused or mediated by the binding or activity of the payload molecule at or 
near the selected target or bv interaction between payload and target molecules. 

The term "photosvstem" as used herein means a photosyntiietic molecule or group 
30 of molecules that serves as a functionally coupled energ>' transfer acceptor from a reacnon 
center and includes, without limitation, molecules comprising photosystem I and 

photosvstem II. . i u 

The term "plastic," when used in reference to segments, templates, libraries, 
recognition elements. MOLECULAR MACHINES and the imprinting, transposition and 
35 transformation of recognition elements, templates, molecular media, matenals, surface 
features and MOLECUUVR MACHINES, refers to plasticity, i.e., comprising, relaung to or 
originating from a diverse mixture, medium, library, population, source, material, process 
or set of alternatives, preferably a diverse library, a paired hbrary or a librae- of libranes, 
more preferably a nucleotide library. Alternatively, when used to describe heretofore known 
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industrial materials (i.e.. plastics), the term "plastic" means the family of cast and mold 
substances available for use in product design and commercial manufacturing, typically 
polymers capable of being shaped, formed, molded, extruded, cast into shapes or films, or 
drawn into filaments. 

5 The terms "plastic nucleoprobe" and "nucleoplasUc probe" refer to 1) a specinc 

recognition element comprising a parent nucleotide or a replicate, progeny, imprint or 
mimetic thereof or 2) a specific recognition element selected fiom a nucleotide libiary. 
optionally a paired nucleotide-nonnucleoude library . including replicates, progeny, imprints 
or mimetics thereof. 

10 The terms "polydiverse" and "nucleodiverse," when used in reference to a mi.xture, 

libiaiy or molecular medium, refer to multidimensional diversity in structure-activity space, 
preferably diversity in at least three dimensions, e.g., a nucleotide library diversified in 
chemical space, sequence space and positidnad space. 

The term "positional space" refers to the two-dimensional positional relationships 
15 between and among members of pairs and groups of molecules comprising or attaching to 
nucleotide-defined positions of multisite templates, including imprints, progeny, replicates 
and mimetics of nucleotide-based templates. Pbsitional space is approximated as the 
dimensionless product of possible positional relationships of Z recognition elements 
comprising X sequences of Y length, i.e., the combinatorial pnxluct of diversioes 
20 comprising 1) variable sequence length and 2) variable distance between two recognition 
elements comprising a sequence and 3) variable distance between a third recogniUon element 
comprising a sequence and each of two optionally preselected and positionally fixed 
recogniuon elements and 4) variable distance between an Nth recognition element 
comprising a sequence and each of N-1 optionally preselected and positionally fixed 
25 recognition elements. Posiuonal space as used herein does not refer to the axial, polar or 
three-dimensional position of nonnucleotide groups tethered to nucleotides comprising 
nucleotide ligands, nucleotide receptors, modified nucleotides, selected molecules 
conjugated to nucleotides, nucleotide-encoded chemical groups, and the like, which three- 
dimensional diversity is a subset of molecular shape space. Instead, positional space is a 
30 representation of the diversity space reflecting potential interactions between at least t%vo 
recognition elements comprising either a nucleotide or an imprint, progeny or mimetic of a 
. nucleotide. Sequence length is included as a dimension in positional space substantially to 
emphasize the bookend utility of 3' and 5' nucleotide modifications in mapping the 
positional preference landscape of first and second selected molecules (e.g.. ligands. 
35 receptors and effector molecules) comprising, attached or tethered to members of 
nucleoplastic libraries. The user-definable distance betweeii 3' and S ends of a nucleotide 
strand provides a convenient tool for mapping the "proximity space" or "functional coupling 
space- of a selected pair of selected molecules (e.g.. donor and acceptor fluorophores) from 
a first plastic medium (e.g.. a nucleotide library) into a second plastic medium (e.g.. 
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selectable nonnucleotide molecules or polymers, i.e., peptides, phospholipids, 
polyacr\laie). 

The terms "precursor." "substrate" and "product/ when used in reference to 
functionally coupled libraries, are introduced herein as useful metaphors in respect of 
5 corresponding terms used to describe functionally coupled paired effectors compnsmg, e.g.. 
enzvmatic, photonic and electronic donor and acceptor species. A precursor library .s 
capable of donating (i.e.. providing or comprising) a member, property, acuv.ty or 
specificity that can be recognized or imprinted by a member compnsing an acceptor hbrar>-.. 

The terms "probe" and "probing." when used to describe a selected molecule, 
10 segment, template, nucleotide or library, refer to a specific recognition element or a plurality 
of specific recognition elements. Unlike prior art nucleic acid probes, the probes comprising 
synthetic heteropolymers, multimolecular devices and MOLECULAR MACHINES may 
specifically recognize nucleotide or nonnucleotide moleciiles or strucniral shapes. 

The term "prodrug" means a drug, drug precursor or modified drug that is not fully 
15 active or available until converted in vivo or in situ to its therapeutically active or available 
form. Prodrugs comprising multimolecular devices and MOLECULAR MACHINES of the- 
instant invention include targeted and triggered-release prodrug complexes, e.g.. 
multimolecular drug delivery systems and promolecular delivery devices. 

The term "prodrug complex" refers to a promolecule complex or payload-receptor 
20 complex comprising a drug specifically attached in inactive or unavailable form to a designer 
receptor, Nvhereupon dissociation of the drug from the designer receptor renders the drug 
molecule acuve or available for interaction with a . selected target or pathophysiological 
receptor. Prodrug complexes may comprise a pair or plurality of drugs specifically bound to 
a pair or plurality of designer receptors. Prodrug complexes ma>- also be operaiively attached 
25 to biological or biocompatible structures, microstructures or nanostructures free to distnbute 
in or to one or more anatomical or physiological companments. Useful syntheuc solid 
supports comprising immobilized piodmg complexes include, wuhout limitanon, amfiaal 
organs, artificial ceUs, aitificial skin, implantable devices, controlled release polymers, gels, 
foams insoluble polvmers, bioerodible polymers, transdermal devices, pumps, infusion 
30 devices, indwelling sensors, vascular grafts, artificial valves, artificial joints, prosthetic 
devices, endoscopes, optical fibers, imaging devices, ablation devices, catheters, 
guidewires. surgical, diagnostic and monitoring devices. Useful synthetic solid supports 
comprising immobilized multimolecular drug delivery systems include, without hm.tat.on, 
artificial organs, artificial cells, artificial skin, implantable devices, controlled release 
35 polvmers. gels, foams, insoluble polymers, bioerodible poly-mers, transdermal devices, 
pumps, infusion devices, indwelling sensors, vascular grafts, artificial valves, artifiaal 
joints prosthetic devices, endoscopes, optical fibers, imaging devices, ablauon devices, 
catheters, guidewiies, surgical equipment and in vivo, in situ and extracorporeal diagnostic, 
momtoring and delivery devices. Prodrug complexes may also attach to solid tissues or 
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anaiomicallv confined biologic or biocompatible structures, or the> may be willfully attached 
to cells, tissues or organs, optionally reversibly or by a willfully biodegradable, deavable 
and/or metabolizable linkage. Prodnig complexes may be stored, confmed or released in 
selected physiological or anatomical compartments or, alternatively, transported, delivered 

5 and/or confmed to a selected physiological or anatomical compartment, site or largeL 

The term "progeny," when used in reference to a molecule, nucleotide, segment, 
template or group of molecules, nucleotides, segments or templates, means originaung 
ultimately from a replicatable synthetic nucleotide (i.e., a parent) either by replication, 
cloning, amplification, modification, imprinting or transposition. The parent synthetic 
10 nucleotide and piogeny nucleotide or nonnucleotide molecules, segments, templates or 
progeny therefrom may be enzymatically. chemically or physically modified, denvatized, 
imprinted, transposed, replicated, cloned, simulated, copied, approximated, conjugated, 
complexed, assembled, amplified, mutated and the like, all with Nariable and preferably 
willful control over the fidelity of the replication, imprinting, simulation and/or modification 

15 process. 

The teim "promolecular delivery device" means a targeted and/or triggered-release. 
(i.e., smart) molecular delivery system comprising a bivalent or multivalent molecule, 
template, scaffold or multimolecular device capable of specifically recognizing, storing, 
preserving, stabilizing or attaching a payload molecule and/or carrying, transporting, 
20 delivering, releasing, activating or attaching the payload molecule to or near a selected target. 
The payload molecule is specifically attached in inactive and/or unavailable form to a 
designer receptor, providing a complex referred to herein as a "promolecule complex." 
"pavload^esigner receptor complex" or "payload-receptor complex." Upon dissociation of 
the'pavload-receptor complex, the released payload molecule becomes active or available for 
25 interaction with a selected target. A promolecular delivery device further comprises a second, 
optionally allosteric, recognition site capable of delivering, attaching, activating and/or 
releasing the payload molecule to or near a selected molecule, suri^ace feanire or selected 
nucleic acid sequence comprising, attaching to or neighboring the selected target The 
payload molecule can also be tethered to a molecule or scaffold comprising or attaching to 
30 the designer receptor, providing a tethered promolecular deliverv device. In this mode of 
operation, tiie payload molecule is not only specifically attached, but also pseudo.rreversibly 
or covalenUv attached (i.e., tethered) to the designer receptor, optionally in a selectively 
cleavaWe manner (e.g., cleavaWe by enzymatic, catalytic or photodynamic degradation of a 
selected co%'alent bond). 

35 The tenn "promolecule," when used in reference to a promolecule complex or 

molecular delivery system, means a nucleotide or nonnucleotide molecule or group of 
molecules having a selected property, structure, function or actiuty that is not expressed, 
active or available unless or until the molecule or group of molecules is released or activated, 
i.e.. by dissociation from a [xomolecule complex. 
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The terms "promolecule complex," "payload-designer receptor complex" and 
"payload-receptor complex" refer to a molecular complex compiisirtg a promolecule or 
pavload molecule specfically aoached in inactive or unavailable fom, to a designer receptor 
whereupon dissociation of the payload molecule from the designer receptor renders the 
5 pavload molecule active or available for interaction with a selected target. 

The terms "proximitv space" and -functional coupling space," when used m 
reference to plastic nucleoprobes. template and nuclebt.de libranes, refer to the structural 
and functional correlates of posiuonal space with respect lo the abihty of at least two 
molecules or groups to interact in a functionally coupled mamier, e.g., as donor and acceptor 
10 species comprising a functionally coupled donor-acceptor pair. 

The term "pseudoirreversible" means a binding event, bond, associauon, complex 
or spedfic recogmtion pa.r comprising a selected molecule which cannot be dissociated, 
displaced, reversed, separated or detached under normal conditions of use and which is not 
formed dunng operation, as distinct from manufacmie. of a multimolecular structure or 
15 multimolecular device. For purposes of the present invention, noncovalent, 
pseudoineversible attachment of a selected molecule to a multimolecular device is 
functionally equivalem to covalent attachment in terms of the stabihty and permanence of 
attachment so long as the pseudoiireversibly attached molecule is attached dunng 
multimolecular device manufacture and remains inseparable during device operauon. An 
20 uriconjugated oligonucleotide hybridized to a defined sequence segment of a -^f^^^^ 
device is said to be hvbrid.zed, not pseudoirreversibly attached, regardless of the melting 
temperanire of the hvbridized duplex. Pseudoiireversible attachment of selected molecules 
mav be achieved bv a number of methods well known in the art, preferably by avidin/bioun 
or 'strep.avidinA,iotin conjugation or by hybridization of conjugated ^efm^l sequence 
25 segments having a high degree of complementarity (i.e., to fomi a stable hybnd . and 
further including, without limitation, ionic bonding, surface adsorption, intercalation, tnplex 
fonnation, chelation, coonlination, hydrophobic binding and high-afT.nity specific binding. 
optionaUv followed bv UV irradiation or treamient with a noncovalem stabilizer, covalem 
crcsslinl^ng reagem aid/or photoactivatable reagent Pseudoineversible attachmem may also 
30 be achieved bv threading a nng-shaped or circular molecule (e.g.. a rotaxane) with a linear 
molecule (e.g., a polymer with knotted or bulky ends) or by caging or entrapping a guest 
molecule using, e.g.. a spherical or hollow polymer, host or cage molecule (e.g., a 
cvclodextrin). Noncovalent, site-spedfic conjugation of a selected ^ 
multimolecular device may be accomplished by pseudoineversible attachment, preferably by 
35 hybridization of an oligonucleotide conjugate to a defined sequence segmem or by specific 
binding of an avidin or streptavidin conjugate toabiotinylated molecule or defined sequence 
segment A member of a molecular recognition pair that specifically binds or hybndizes a 
selected target (e.g., a clinical analyte) during multimolecular device operauon is not 
considered pseudoineversibly attached to the selected target even if both members are 
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required for device function, e.g., as may be the case with a conjugated specific binding pair 
comprising a mulumolecular sensor. A target nucleic acid sequence detected by hybridization 
to a DNA probe comprising a multimolecular sensor, for example, is considered hybridized 
to the multimolecular sensor, not pseudoirreversibly attached. 
5 The term "quasireversible," when used in reference to specific recognition, means 

specific binding, hybridization or shape-specific recognition that, following association, can 
be dissociated, displaced or rcvereed under conditions of use. Quasireversible attachment 
means specific attachment and/or noncovalent attachment 

The term "reaction center" means a natural or synthetic photosynthetic molecule or 
10 group of molecules in which photoiniuated electron transfer culminates in a relatively long- 
lived, charge-separated state. 

The term "receptor" means a selected nonoligonucleotide molecule capable of 
specificalU binding to a ligand by affinity-based interactions that do not involve 
complemenian base painng. Whereas a ligand and its corresponding receptor are referred to 
15 herein as members of a specific binding pair, complementax>- nucleic acid sequences are 
simply referred to as "complementaiy" or "hybridizable" or "members of a molecular 
recognition pair." "Receptors" include, but are not limited to. biological, synthetic or 
engineered membrane receptors, hormone receptors, drug receptors, transmitter receptors, 
autacoid receptors, pheromone receptors, stimulus-response coupling or receptive 
20 molecules, antibodies, antibody fragments, engineered antibodies, antibody mimics or 
mimetics, molecular mimics, molecular imprints, molecular recognition units, adhesion 
molecules, agglutinins, lectins, selectins, cellular receptors, avidin and sireptavidin, and 
congeners, analogs, competitors or derivatives of these molecules as well as 
nonoligonucleotide molecules selected, e.g., by combinatorial methods and/or librar>- 
25 screening, to specifically bind other selected molecules and conjugates formed by attaching 
anv of these molecules to a second molecule. Receptors further include selected molecules 
capable of specifically recognizing structural molecules, effector molecules and selectable 

molecules comprising ligiutds. 

The term "recognition," when used in reference to molecular diversity or structure- 

30 shape-activitN- space or when used without classification as specific recognition, molecular 
recognition, catalytic recognition or structural shape recognition, includes all forms of 
recognition disclosed in the instant application, including molecular recognition, structural 
shape recognition, catalytic recognition and specific surface attractivity. "Molecular 
recognition" means specific binding or hybridization. "Specific recognition" means 

35 molecular recognition, structural shape recognition or specific attractivity. "Recognition" 
means specific recognition or catalytic recognition, i.e., specific binding, hybridization, 
strurtural shape recognition, catalytic recognition or specific surface attractivity. 

The terms "recognition element." "recognition partner." "recognition molecule" and 
-recognition." when used to describe a nucleotide, segment, template or selected molecule 
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comprising a multimoiecular structure, synthetic heteropol>-mer, multimolecular deMce or 
MOLECULAR MACHINE, refers to a molecule, residue, sequence or group that is capable 
of recognizing another molecule, residue, sequence or group or a structural shape or surface 
feature bv molecular recogniuon, structural shape recognition or catalytic recognition. 
5 Recognition elements include, without limitation, ligands, receptors, selected nucleic acid 
sequences, defined sequence segments and replicates, clones, mimetics, recogniuon partners 
and imprints thereof and progeny therefrom. 

When used in reference to an imprim of a first (i.e., prim, parent or idiotype) recognition 
element comprising a first (i.e., print, parent or idiotype) multimolecular stmcture, the terms 
10 "recogniuon element" and "recognition site" mean a second (i.e., imprim or progeny) 
recognition elemem comprising a second, differem multimolecular structure, wherein the 
second, progeny recognition element is either an idiotvpe or antiidiot>pe tiiat is capable of 
either mimicking or recognizing the first, parem recognition element The progeny 
recognition elemem may be a first, second or subsequent generation imprim or imprinted 
15 imprint, idiot>pe or antiidiotype, mimetic or antimimetic of tiie first, parent recogniuon 
element, all of which generations are referred to herein as imprints. 

The term "tecpgnition site" means a recognition element comprising a site, 
position, functional group, molecule, residue or sequence comprising, e.g., a template, 
scaffold, multimolecular stnicdire or multimolecular device. 
20 The terms "recognize" and "recognition," when used in reference to a surface 

feature or sirucmral shape, include specific attractivity, structural shape recogmtion and 
catalvtic reoogniti<Mi. 

The terras "replicatabie nucleotide" and "replicataWe nucleotide sequence," when 
used in reference to a syntiietic nucleotide, defined sequence segment, selected nucleic acid 
25 sequence, linker oligonucleotide, spacer nucleotide, aptameric, heteropolymeric or 
nucleotidc-based multimolecular device, mean a nucleotide, nucleotide analog, nucleic acid, 
defined sequence segmem or discrete strucoire that can be cloned, replicated, amplified, 
transcribed or copied, preferably by enzymatic and/or biological methods known in the art. 
Replicatabie nucleotides include RNA, DNA. chimeric, parem and progeny nucleoude 
30 sequences comprising or complementary to a selected parem or progeny nucleotide, 
including coiresponding RNA, DNA or chimeric sequences (e.g.. a DNA sequence 
corresponding to an RNA parem or an RNA sequence corresponding to a DNA parent) 
which can be rephcated, u^scribed or amplified eitiier in vivo or in vitro. 

The term "rephcatable sequences of nucleotides," when used in reference to a 
35 svntiietic heteropolymer or multimolecular device, means any RNA or DNA or chimeric 
nucleotide sequence comprising or complementary to a synthetic heteropolymer and any 
corresponding RNA or DNA or chimeric sequence (e.g., a DNA sequence corresponding to 
an RNA synthetic heteropolymer or an RNA sequence corresponding to a DNA syndieuc 
heteropolymer) which can be rephcated or amplified either in vivo or in vitro. 
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"RT." as used in "smaRTdrug," is an abbreviation for "recepior-iriggered," 
"receptor-targeted" or. as the case may be, "receptor-tethered." Receptor-triggered, receptor- 
targeted and receptor-tethered mechanisms refer not only to receptors comprising selected 
nonoligonucleotide molecules, but also to specific recognition partners comprising 
5 nucleotides, e.g., nucleotide ligands. nucleotide receptors, defined sequence segments and 
selected nucleic acid sequences. In other words, the abbreviation "RT" refers to products 
and processes comprising designer receptors. 

"SAS" is an acronym for "structure-activity space." 

The term "selectable," when used in reference to a molecule, sequence or surface 
10 feature, refers to a substance or property thai is knowable but heretofore unknown or 
unidentified, i.e., discoverable or identifiable. Selectable molecules, sequences and surface 
feanires are preferably discovered or identified by screening and/or selection of a library. 

The terras "selected" and "identified," when used in reference to a surface, feature, 
structure or shape (e.g., an attractive surface, surface feature, stnicmre or structural shape). 
15 refer to surface features that can be specifically recognized by a shape-speafic recognition 
partner, i.e.. a shape-specific probe. 

"Selected molecules" or "identified molecules." also referred to herein as "selected 
nonoligonucleotide molecules" and "identified nondigonucleoude molecules;" are 
nonoligonucleotide molecules which include, but are not limited to, receptors, ligands, 
20 stiucmral molecules and effector molecules which may exist as single molecules, conjugates 
or groups of molecules, multimolecular strucoires or multimolecular devices, including 
mimeucs, imprints and conjugates of any of these molecules, and mimetics. imprints and 
conjugates thereof Selected molecules also include library -selected molecules, e.g., 
unknown or unidentified nucleotide ligands. nucleotide receptors, modified nucleotides. 
25 nucleotide analogs, shape recognition molecules and nonoligonucleotide molecules identified 
or discovered by screening and selection of nucleotide and nonnucleotide libraries and 
nudeotide-encoded chemical libraries. In other words, selected molecules include selectable 
molecules that are knowable but heretofore unknown or unidentified, i.e., molecules that 
remain lo be discovered or identified. When used in reference to a conjugate comprising a 
30 first molecule that is an oligonucleotide attached to a second molecule that is not an 
oligonucleotide, the terms "selected molecule," "identified molecule," "selected 
nonolipmucleotide molecule" and "identified nonoligonucleotide molecule" refer to the 
portion of the conjugate originating from or consisting of the second molecule. 

"Selected nucleic acid sequences" include, but are not limited to, defined sequence 
35 segments of synthetic heteropolymers and discrete structures, heteropolymeric. aptameric 
and nonaptameric nucleoude-based devices, oligonucleotides, and RNA, DNA or denaoired 
RNA or DNA sequences, including wild-type, mutant and recombinant biological nucleic 
acid sequences; biological, recombinant, engineered and synthetic nucleic acids comprising 
specific or catalytic recognition sites or properties, e.g., aptamers, catalytic DNA. 
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ribozvmes, nude.c add ligands. nudeic aad receptors, nudeic add antibodies and nucleic 
acid molecules capable of pamapating in spedfic recognition, catalytic and enzymatic 
reactions; genomic, plasmid, cellular and transcribed or complementary nucleic aads, 
indudmg DNA, cDNA and RNA; natural and synthetic coding, noncodmg, imuation, 
5 lermtnauon. promoter and regulatory sequences, including natuial, synthetic, native or 
nonnative biological recognition sites and therapeutic targets; natural and sy-niheuc 
oligonucleotides with defmed topology, secondary or tertiary strucwre or ihree^.mens.onal 
shape including rolling and drcular nucleic acids, nucleic add loops, stems, bulges, knots, 
pseudoknots. polygons, spheres, pyramids, cubes, and higher order three-d.mens.onal 
10 shapes; .mmobilized, conjugated, labeled and insolub.lized nucleic adds, .ncluding nucle^ 
adds hvbiidized or specifically bound to other soluble, insoluble, immobilized, conjugated 
or labeled nuddc adds; nucle.c acid probes, targets and templates; sense, anusensc and 
antigene nuddc acid strands; conjugated defined sequence segments and conjugatwi 
oligonucleoudes. .nduding oligonucleotides that are internally conjugated to prov.de closed- 
15 loop, single-ended or double-ended loop structures; blanched, brandied-chain. brandied- 
comb multi-chain and "Christmas tree" oligonucleotides; nuddc acid dcndrons, dendnmers. 
and nudeic add conjugates formed by coulombic. affinity-based or covalent interactions 
with dendrons, dendrimers and other branched and hyperbranched structures; nudeotides 
comprising or capable of forming single-stranded, double-stranded, partially s.ngle- 
20 stranded partiallv double-stranded, heteroduplex, triplex, quadruplex, chimenc and hybnd 
structures comprising natural or synthetic RNA, DNA or oligonucleotides comprising 
nucleotide analogs, derivatized nucleotides, nucleosides, nucleoside phosphates or backbone 
modifications. Selected nucleic acid sequences hybridized to bifunctional syntheuc 
heteropolvmers do not include unconjugated primers that hybridize to fixed primer-annealing 
25 sequences of aptamers selected fiom mixmres of random-sequence nudeic acids. 

The terms "selected target," "selected target molecule" and "targeted mdecule 
refer to a nucleotide or nomiucleotide molecule or group of molecules comprising a target or 
an identified member of a recognition pair (e.g., a selected molecule, selected nudeic acid 
sequence, recognizable surface feamre. sdectable molecule or selectable surface feature), an 
30 identified composition, process, disease or condition, or the object, acceptor or substrate of 
a selected molecule (e.g., an enzyme, drug. dye. energy or electron donor) or desired result 
(e g. catalvsis, labeling, energy transfer or electron transfer) and include nudeotide and 
nomiucleotide molecules, structural shapes and surface feaoiies. The terms "selected target 
molecule" and "selected targeC when used in reference to the process of idenufymg a 
35 recognition parmer, e.g.. by selecting a single synthetic nucleotide molecule capable of 
recognizing the selected target or by screening and selection of a library, means an .denufied 
or known target molecule for whidi a recognition partner is bdng sought. A selected target 
may be a heretofore unknown target, so long as the target is selectable (i.e., discoverable) 
• and is identified at the time a recognition parmer for the target is selected. Selected targets 
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include, e.g., targets, aptamer uxrgets. therapeutic targets, target molecules, targeted 
molecules and sequences, selected molecules, target sequences, selected nucleic acid 
sequences and specifically attractive surf ace features. 

The term "selecUon of a recognition property." when used in reference to a surface 
5 library, structure library or material library, means identifying one or more structural shapes 
or surface feanires capable of recognition, preferably structural shape recognition or catalytic 
recognition. 

The term "sensor" means and includes any device capable of sensing, detecting, 
measuring, monitoring, determining or quantifying one or more substances or events 

10 including, without limitation, mechanical sensors, force and mass sensors, velocity sensors, 
pressure sensors, acoustic sensors, temperature and thermal sensors, chemical sensors, 
biosensors, electrochemical sensors, optical sensors, electromagnetic sensors, electrical 
sensors, electronic sensors, opioeiecironic sensors, motion sensors, photodeiectors, gas 
sensors! liquid sensors. liquid and solid level sensors as well as multimolecular devices and 

15 tethered recognition devices of the instant invention, e.g.. multimolecular sensors and 
multimolecular switches. Sensors of the invention further include devices which comprise, 
attach, are functionally coupled to or are capable of functionally coupling to MOLECULAR 
MACHINES of the invention, optionally paired MOLECULAR MACHINES or systems 
comprising pairs or networks of paired MOLECULAR MACHINES. A multimolecular 

20 sensor is a multimolecular device capable of sensing, detecting, measuring, monitoring, 
determining or quantifying one or more substances or events or a sensor comprising a 

multimolecular device. 

The term "shape." when used in reference to a surface, strucmre or shape-specific 
recogniuon element, means structural shape, as distinct from molecular shape. 
25 The term "shape recognition library" means a preferably diverse mixture of 

molecules s>-nthesized, colletied or pooled for library selection of one or more shape- 
specific recognition elements, e.g., a shape-specific probe or shape recognition template. 

The term "shape-specific" refers to specific recognition of a structural shape 
comprising a chemically bland or specifically attractive surface by a shape recognition 
30 element, wherein a neighboring or distant region of the surface having the same chemical 
composition as the specifically recognized strucniral shape is not recognized by the shape 
recogniuon element. In other words, specific recogniuon of the structural shape by a shape- 
specific, recognition element is not competitively inhibited by another surface or region that is 
heretofore chemically indistinguishable from the specifically recognized structural shape. 
35 The terms "shape-specific probe," "shape-specific partner," "shape-specific 

recogniuon element," "shape-specific element," "shape-specific molecule" and "shape- 
specific recognition" refer to a nucleotide-based or nonnucleotide specific recognition parmer 
of a strucniral shape, specifically atuactive structure, surface or surface feature. A shape- 
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specific probe and the corresponding specifically recognized smictural shape are members of 

a specific recognition pair. 

The terms "shape-specific template- and "shape recogmiion template mean a 
bivalent or multivalem template comprising at least one shape-specific probe. 
5 The terms "signal-generating molecule" and "signal-generating speaes" refer to a 

selected molecule, species or group comprising selected molecules capable of generaung a 
detectable sienal or enhancing or modulating the detectabilit>- of a substance or transducing 
an energv. Ltivit^^ output or signal of a substance mto a qualitatively, quantitatively or 
detectablv different energy, activity, output, signal, state or form. Signal-generating species 
10 include, but are not limited to, molecules, groups of molecules, conjugates and complexes 
compnsing detectable (and optionally dyed, modified, conjugated, labeled or denvatized) 
tags tracers, c^dioisotopes, labels, reporters, polymers, light-har>-esting complexes, antenna 
structures natural and synthetic and biomimetic photosynthetic molecules, reacaon centers, 
photosvstems. signal transduction pathways, molecular cascades, macromolecules. 
15 microi«nicles. nanoparticles. colloids, metals, dyes, fluorophotes, phosphors and other 
photon-absorbing, photon-emitting and photosensitive molecules, including molecules or. 
groups that enhance, attenuate, modulate or quench the photon-absorbing or photon-emitnng 
propenies of another molecule or group, energy transfer donors and acceptors, enzymes, 
coenz>'mes. cofacto,.. catalytic antibodies, synthetic enzymes and catalysts, molecular 
20 mimics and mimetics, luminescent, triboluminescent, sonoluminescent, electroluminescent, 
chemiluminescem and biolum.nescent molecules, elecuon tr^fer donors and acceptors, 
oxidizing and reducing compounds, mediators and other electroactive molecules, metabolic, 
photoactive, signaling and signal processing molecules used to capture and transduce energy 
m biological and biomimetic processes and systems, optionally including namral, syntheoc 
25 or mimetic scaffold, organizational and coupling .molecules, chaperones and accessor, 
biological or biomimetic molecules or groups of molecules involved in the transduction of a 
first form of energv or information into a second form of energy or information. 

The term' "single-molecule," as used in reference to single-molecule detecuon. 
single-molecule isolation, single-molecule characterization, single-molecule idenufication. 
30 single-mdecule amplification and single-molecule sequencing, relates to an individual or 
selected molecule, an individual pair or group of molecules or selected molecules attached to 
one another or an individual molecular complex, supramdecular assembly, discrete structure 
or mulhmolecular strricture. When used in reference to single molecules and smgle-molecule 
detection, the term "molecule" means an individual molecule, selected molecule, discrete 
35 strucmre. multimolecular structure, complex or conjugate comprising a selected molecule, 
nucleotide, pair or group of molecules and not an indefinite plurality of molecules. e.g.. an 
unknown and/or uncountable number of molecules. 

The terms "single-molecule detection" and "single-mdecule detection method 
refer to a method capable of detecting an individual or selected molecule, an individual pair 
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or group of molecules or selected molecules attached to one another, a molecule or 
multimolecular structure attached to a surface feature or an indiMdual molecular complex, 
supramolecular assembly, discrete structure or multimolecular structure. Molecules 
detectable bv single-molecule methods include nucleotide and nonnucleoiide molecules. 
5 conjugates, complexes, selectable and selected molecules, selectable and selected nucleic 
acid sequences and replicates, imprints, clones, mimeUcs, conjugates and progeny thereof. 
Single-molecule detection methods and devices of the instant invention include, without 
limitation, optical force fields, optical tweezers, optical trapping, laser scanning and laser 
trapping; scanning probe techniques including scanning probe microscop>, scanning 
10 tunneling microscopy, scanning force microscopy, atomic force microscopy, scanning 
electrochemical microscopy and hybrid scanning probe techniques; spectroscopy, 
kromoscopv and mass spectrometry; capillary electrophoresis, microelectrophoresis, on-chip 
electrophoresis and multiplexed and arrayed electrophoreuc methods and detectors; 
microminanirized and nanofabncaied optical, spectroscopic, specirometnc. electrochemical, 
15 opioelecirorac and electronic detectors; microsensors, nanosensors and integrated on-chip 
detectors, sensors, transducers and arrays; molecular detectors, sensors and transducers; and 
multimolecular devices comprising multimolecular sensors, multimolecular switches, 
multimdecular oansducers and tethered recognition devices. 

The term "site," when used in reference to a molecule, polymer, template, scaffold, 
20 multivalent molecular structure, multimolecular device or MOLECULAR MACHINE, means 
a chemical group, functional group, charged group, electrostatic field, three-dimensional 
shape, docking smface. residue, position, moiety, atom, group of atoms, topological 
location, region, defined sequence segment, nucleotide, functional element or recogniuon 
partner. When used in reference to a recognition site composing a recognition partner, e.g., 
25 a catalvtic site, specific binding site, hybridization site or shape recognition site, the term 
-site" means the operative binding element, recognition element or docking surface 
comprising the recognition partner. 

The terms "site-specific," "site-direcied- and "regiospecific," when used in 
reference to attachment to or modification of a molecule or group of molecules, mean 
30 covalent or noncovalent anachment at chemically, functionalh or lopologically defined 
siie(s). Site-specific and site-directed attachment typically imply attachment to a particular 
chemical moiety, residue, reactive group, specific recognition site or epitope, while 
regiospecific aitachmem typically relates to the topological position, region or portion of a 
molecule or surface occupied by an attached species rather than the particular chemical site. 
35 However, the an recognizes some overlap between these terms. 

The tenn "smart" refers to a multimolecular stnicture or multimolecular device 
capable of perfonning a useful function in response to a selected target or stimulus thrtjugh 
the combined actions of at least two different functional elements, e.g., a recognition element 
and an effector element For example, a smart polymer may comprise a first (e.g.. strticmral) 
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element that changes shape m response to interaction of a second (i.e., recognition) element 
with a selected target or sumulus. Smart multimolecular devices of the instant invention 
mclude. without limitation, promolecular deliver>' devices, multimolecular drug deliverx 
systems, multimolecular sensore, multimolecular switches, multimolecular transducers. 
5 tethered recognition devices, multimolecular lubricants, molecular adhesives. molecular 

adherents and smaRTdrugs. 

The term "smaRTdrugs" refers to smart multimolecular drug deliver>- systems, 
promolecular delivery devices and tethered recognition devices ha\ ing utility in human and 
N-eterinaiy medicine comprising at least a designer receptor and a second recognition site 
10 comprising a targeting site, a triggered release or activation site, an allostenc site, or a 
tetiiered recognition pair, optionally a cleavably tetiiered recognition pair. Preferred 
smaRTdnig compositions of the invention comprise multimolecular drug deliverv- systems, 
tethered molecular deliver\' devices, receptor-targeted prodnigs and triggered release prodrug 
comple.\es. 

15 The term "solid support" means a composition comprising an immot»lization 

matrix, insolubilized substance, solid phase, surface, substrate, layer, coating, transducer,- 
transducer surface, woven or nonwoven fiber, mauix, crvstal. membrane, liposome, 
vesicle, gel. sol, colloid, insoluble polymer, plastic, glass, biological or biocompatible or 
bioerodible or biodegradable polymer or matrix, suspension, precipitate, micropartide or 
20 nanoparticle. Solid supports include, for example and without limitation, monolayers, 
bilayers, \esicles. liposomes, cell membranes, fixed cells, commercial membranes, resins, 
matrices, fibers, separation media, chromatography supports, hydrogels, foams, polymers, 
plastics, glass, mica, gold, beads, microspheres, nanospheres. silicon, gallium arsenide, 
orgamc and inorgarric metals, semiconductors, insulators, microstructurcs and 
25 nanosiructures. Microstructurcs and nanosmictures include, witiiout limitation, 
microminiamrized. nanometer-scale and supramolecular probes, tips, bars, pegs, plugs, 
rods, sleeves, wires, filaments, tubes, topes, tentacles, tethers, chains, capillaries, N essels. 
walls, edges, comers, seals, pumps, channels, lips, sippers. lattices, trellises, grids, arrays, 
cantilevers, gears, rollers, knobs, steps, steppers, rotors, arms, teeth, ratchets, zippers, 
30 fasteners, clutches, bearings, sprockets, pulleys, levers, inclined planes, cords, belts, cams, 
cranks, wheels, axles, rotating wheels, springs, nuts. scre«s, bolts, shafts, pistons, 
cylinders, bearings, motors, generators, gates, locks, keys, solenoids, coils, switches, 
sensors, transducers, actuators, insulators, capacitors, transistors, resistors, 
semiconductors, diodes, electrodes, cells, antennae, appendages, cages, hosts, capsules. 
35 sieves, coatings, knedels. ultrafine particles, powders and micromachined and 
nanofabricated substrates, surfaces, layers, films, polymers, membranes and pans, 
including stationary , mobile, attached, tethered, ratcheted and robotic structures, devices, 
machines, components, elements and features. Solid supports useful in drug deiiven 
comprise, for example and without limitation, artificial organs, artificial cells, artificial skm, 
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implantable devices, controlled release polymers, gels, loams, insoluble polymers, 
bioeiodible polymers, transdermal devices, pumps, infusion devices, indwelling sensors, 
vascular gialts, artificial xalves, artificial joints, prosthetic devices, endoscopes, optical 
libers, imaging devices, ablauon devices, catheters, guidewires. surgical equipment and 

5 diagnostic devices. 

The term "spacer molecule" refers to one or more nucleoude and/or nonnucieotide 
molecules, groups or spacer arms selected or designed to join two nucleoude or 
nonnucleoud'e molecules and preferably to. alter or adjust the distance between the t^vo 
nucleotide or nonnucieotide molecules. 
10 The term "spacer nucleotide" means a nucleoude spacer comprising a nucleotide, 

i.e., a nucleotide spacer that is a nucleotide or joins at least two nucleotides or comprises a 
sequence of nucleotides, e.g., a defined sequence segment. 

The terms "specifically attach," "specific attachment" and "specifically recognize" 
refer to speafic recognition and include specific binding, hybridizauon, sUTictural shape 
15 recogniuon and specific attracuvity. The terms "site-specifically attach," "site-specific 
attachment" and "attachment site" refer to site-directed covalent and/or noncovalent 
attachment by methods including, but not limited to, specific recogniuon. 

The terms "specifically atffacuve," "specificaUy attractive surface," "specific 
attracuvity- and "specific surface aittactivity," when used in reference to a surface, structure, 
20 surface fknire or strucniral shape, mean specifically recognizable by a shape-specific 
recognition partner, i.e., a member of a specific recognition pair comprising a shape-specific 
element, shape-specific molecule, shape-specific partner or shape-specific probe. 

The term "specifically recognizable." when used in reference to a surface or 
suiicmre. means a specifically attractive surface comprising a surface feature or smicwral 
25 shape capable of being specifically recognized by a shape-specific recognition panner. i.e.. a 
shape-specific element, shape-specific molecule, shape-specific partner or shape-specific 
probe. 

The term "specific binding" refers to a measurable and reproducible degree of 
attraction between a ligand and a receptor or between a defined sequence segment and a 

30 selected molecule or selected nucleic add sequence. The degree of attraction need not be 
maximized to be optimal. Weak, moderate or strong attractions may be appropriate for 
diffeicnt applications. The specific binding which occurs in these interactions is well known 
to those skilled in the art When used in reference to synthetic defined sequence segments, 
synthetic aptameis. sNuthetic heteropolymers, nucleotide ligands, nucleotide receptors. 

35 shape recognition elements, specifically atuactive surfaces and MOLECULAR MACHINES 
disclosed herein, the term "specific binding" may include specific recognition of strucniral 
shapes and surface features. Othen^ise, specific binding refers explicitly to the specific, 
saniiable. noncovalent interaction between two molecules (i.e., specific binding partners) 
thai can be competitively inhibited by a third molecule (i.e., competitor) sharing a chemical 
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identuv (i.e.. one or more identical chemical groups) or molecular recognition property (i.e., 
molecular binding specificity) with either specific binding partner. The compeutor may be. 
e g a crossreactant, analog or congener of an antibody or its antigen, a l.gand or its 
receptor, or an aptamer or its target. Specific binding between an antibody and its antigen, 
5 for example, can be competitively inhibited either by a crossreacting antibody or b>' a 
CTOSsreacting antigen. By contrast, suilace-specific attachmem of a shapc-speafic probe to a 
strucniral shape (e.g.. a surface feature of a silicon or carbon surface) cannot be 
competitivelv inhibited by amorphous silicon or carbon. Shape-specific surface recognition 
does not involve specific binding or molecular binding specificit> as defined herein. 
10 However, the term "specific binding" may be used for convenience to approximate or 
abbreviate a subset of specific recogmtion that includes both spedfic binding and structural 
shape recoenition. Specific binding between a ligand and receptor means alTimty-based 
interacuon related to the secondary, tertiary and quatemar>- structure and charge of the 
partiapaiine molecules and does not include the hybridization of complementary nucleic acid 
15 sequences due to Watson-Crick base pairing. When used in reference to a defined sequence 
segment, the term "specifically binding to a selected nucleic acid sequence" means a 
measurable and reproducible degree of attraction between the defined sequence segmem and 
a selected nucleic acid sequence which may involve hybridization if participaung sequences 
are complementary or alternative mechanisms if sequences are noncomplementar>-. Where 
20 the aaracuon between nucleotide sequences is known to depend on complementarv' base 
pairing, binding is preferably referred to as "hybridization. "Where the attraction does not 
depend on complementary base pairing, binding between nucleotide sequences is relened to 
as "specific binding," "specific recogmtion" or "molecular recognition." Nonhybndizauon- 
based specific binding between noncomplemenuir>- nucleic acid sequences depends not on 
25 base painna. but on the secondary, tertiary and quaiemarv- structures and electrostauc fields 
comprising participating sequences. Nucleic acid binding reactions known to involve 
mechanisms other than hybridization include. e.g., antisense, triplex, quadniplex and 
aptamer interactions. When used in reference to an aptamer, the term "specific binding" 
means recoanition of the aptamer target and does not refer to a nucleic acid sequence capable 
30 of hybridizing to the aptamer or a ligand or receptor capable of specifically binding to a 
corresponding receptor or ligand conjugated to or incorporated in the aptamer. e.g., a 
particular nucleoside, derivative, analog, modified nucleotide, nucleotide ligand, nucleoude 
receptor, conjugated nucleoude or conjugated selected molecule comprising the aptamer. The 
term "specific binding" may m some instances be used as an abbreviation for the phrase 
35 "specific binding and strucmral shape recognition." Although "specific binding" differs from 
-strucniral shape recognition" as defined herein, the terms may in some cases be used 
interchangeablv or inclusively for clarity or convenience. 

The term "specific binding pair" means two specific binding parmers ihat 
specificaUy bind to one another, e.g., a ligand and its receptor or an aptamer and its target. 
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The lenns "specific binding partner" and "specific binding pair" mean a ligand 
. capable of specificallv binding a receptor, an aptamer capable of specifically binding an 
aptamer target, a defined sequence segment capable of speafically binding a selected 
molecule, or a defined sequence segment capable of specificalU binding a selected nucleic 
5 acid sequence and does not include hybridized, hybndizable or complementai>- nucleic acid 
sequences. The lerm "specific binding partner," when used in reference to an aptamer, 
means the aptamer target and does not refer to either 1) a nucleic acid sequence capable ol 
hybridizing to the aptamer or 2) a ligand or receptor capable of specifically binding to a 
receptor or ligand comprising the aptamer, e.g., a particular nucleoside, nucleotide, analog, 
10 derivative, modified nucleotide, conjugated nucleotide, nucleotide ligand or nucleoude 
receptor. "Specific binding parmer" and "specific binding pair" may also be used as 
abbreviations for the phrases "specific binding or strucnjral shape recognition pair" and 
"specific binding or sUTicturai shape recognition partner." Although a "specific binding 
partner- differs from a "stmctural shape recognition parmer" as defined herein, the terms 
15 may in some cases be used interchangeably or inclusively for clarity or convenience. 

The terms "specific recogniuon," "specific recognition pair" and "spedfic 
recognition partner" mean and include specific binding, hybridization, structural shape 
recognition and specific attractivity. 

The tenns "specific recognition pair" means two specific recognition partners that 

20 specifically recognize <Mie another. 

The tenns "specific shape recognition," "shape-specific recogniuon." "shape 
recognition," "surface recogniuon" and "surface feature recogniuon" mean capable of 
discriminatine one strticwral shape or surface feature from another. Discriminating means 
binding a fir^t surface feature and not binding a second surtace feature having the same 

25 chemical composition. Perfect specificity is not required. A certain degree of nonspecific 
surface association may be e.xpected. as occurs with specific binding and hybridizanon 
reactions. The practical limits on achievable discrimination by shape-specific recognition 
relate to the precision of nanostnicture synthesis and surface fabrication techniques (e.g., 
surface machining, molecular and atomic-scale assembly, nanofabrication, mechanochemical 

30 synthesis and preparation of diamondoid materials and nanostnictures. e.g., fuUerenes. 
nanorods and nanotubes) and the purity, afrmity, stability and reproducibility of shape- 
specific probes. 

"SASS" is an acronym for "stnicture-activity-surf"ace space" which refers to the 
combinatorial product of stnicture-activity space (SAS) and stmctural shape space (SSS). 
35 Symbolically, SASS = SAS X SSS = space. 

"SECM" is an abbreviatiwi for "scanning electrochemical microscopy." 
'SPM' is an abbreviation for "scanning probe microscopy." 
•SSS" is an acronym for "stmctural shape space" which is equivalem to surface 
attractivity space. 
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"STM" is an abbreviation for "scanning tunneling microscopy." 
The terms "stimulus-response coupling" and "stimulus-responsive" refer to 
functional coupling between or among molecules, wherein an input of matter or energy- (i.e., 
a stimulus) to a first defined sequence segment, selected molecule or specific recognmon pair 

5 results in a stimulus-specific, effector-mediated response at or by a second defined sequence 
segment, selected molecule or specific recognition pair. The effector-mediated response may 
resdt from the binding or activity of a selected molecule comprising, an effector mdecule or 
a functional elemem comprising a nucleotide or nonnucleotide molecule, e.g.. an enzyme, 
ribozvme. conjugate, imprint or mitnetiG. , 

, 0 ' The tenn "stimulus-specific" means that a definitive effector-mediated response is 
elicited onlv bv stimuli comprising a specified type or group of molecules or form or leve of 
energy or <;ombination thereof and is not intended or known to be elicited by unspecified 

molecules or energies. e^r,r 
The terms "structural atuactivity" and "surface atiracuvitN' refer to speafic 

15 recogmuon of a nucleotide or nonnucleotide molecule by a sutface featute or s^nu^i 
shape optionallv a surface feature or structural shape comprising a chemically bland o 
amphibious surface. A structurally attractive surface comprises a surface feature or structural 
shape which IS aspedfic recognition partner of a shape recognition molecule (i.e.. a shape- 
soecific probe or shape recognition element). , h 

20 The tenns "stiuctural attractivity space," "surface space" and "materials space 

refer to selectable recognition properties of chemically bland or amphibious surfaces 
materials, stnictures structural shapes, surface features and material substrates, as disunc. 
fro^ ^e molecular recogmtion properties of selected molecules and selected nucleic aad 

25 "^"^"'"^^ molecules" refers to selected nonoligonucleot.de molecules 

that mav lack heretofore known specific binding or effector properties and includes, but is 
not limt'ted to. selected molecules comprising structural shapes and surface features and 
selected molecules comprising elements, atoms, molecules, ions, and compounds 
comprising surfaces, amphibious surfaces, inorganic and organic matenals such as carbon, 
30 Silicon, glass, organic and inorganic cry^stals, selected solvents. f^^^^^^J^'^ 
biomimetic and syttthetic nanostructures and microsu^ctures. fibers, f;^---; J^; 
molecular scaffolds, nanombes, nanorods, fullerenes, buckyballs, diamondoid molecules, 
semiconductors, insulators, metals, plastics, elastomers, polymers, detergents, lubncan^, 
wa.xes, oils, powders, fillers, excipients, fibers, tableting ingredients, packaging materials, 
35 papers, mdustnal plastics, cyclic and polycyclic molecules, dendrons dendnme^, 
d^trolvtes and polyelectrolytes, sails, hydrocarbons, ceramics and biological 
biocompatible, biomimetic, biodegmiable and imprintable monomets, multnners and 
polvmers. e.a., fattv acids, lipids, surfactants, amino acids, peptides, proteins, polyamines. 
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polyacids, sugars, starches, cellulose, glycosylated molecules, glycopoKmers and 
conjugates thereof. 

The lenns "structural shape," "structural feature," "surface feature" and "surface 
shape" refer to natural, synthetic, designed or selected surfaces or structures ha\ ing a two- 
5 dimensional or three-dimensional shape, contour, texture, characteristic, pattern, 
distribution, property, configuration, arrangement, organization, order, lack of organization 
or order, form, trait or peculiarity that can be specifically recognized by a shape-spedfic 
recognition element 

The terms "structural shape recognition," "shape recognition." "shape recognition 
10 partner," "shape recognition piobe," "shape probe" and "surface feature recognition." when 
used in reference to a material, surface, surface feature, structure or strucwial shape, refer to 
specific recognition of a struaural shape or surface feature. 

The term "structure-activity' space." also referred to herein as "art-accepted 
molecular di\ eTsity" or "molecular diversity," means the diversity space comprismg the set 
15 of all molecules, known and unknown, net of the diversity space of specifically attractive 
surfaces (i.e.. structural shapes and surface feamres). The combinatorial product of. 
so^cture-acriN ity space (SAS) and structural shape space (SSS) is the set of all heretofore 
known and unknown (molecular and surface) diversity spaces and is referred to herein as 
"molecular space," "diversity space" or simply "space." Symbolically. SAS x SSS = space. 
20 The term "structure-activity-surface space" (SASS), also refeired to as "structure- 

activity-shape space." refers to the dimensipnless combinatorial product of molecular 
recognition space, catalytic recognition space, surf^ace recognition space and surface 
anractivity space, i.e., all forms of recognition disclosed herein. Structure-acti\ it>-surface 
space is equivalent to the combinatorial product of strucmre-acuvit\- space and suiictural 
25 shape space, i.e., SASS = SAS X SSS = space. 

The terms "substrate" and "material substrate," when used in reference to 
materials, surfaces and surface space, refer to a substratum, structural layer or foundation, 
as distinct from an enz>me substrate, and do not relate to catalytic recognition. A material 
substrate may. however, optionally comprise an enzyme substrate or catalytic recognition 
30 propert>% Advantageously, novel catalytic and molecular recognition properties can be 
confeiTwi on heretofore chemically bland substrateis by transposition through a nucleotide 
librarv-, preferaWy a paired nucleotide-nonnucleotide library. 

The term "surface" means a boundary in two-dimensional or three-dimensional 
space. When used in reference to a molecular adsorbem, multimolecular adhesive or 
35 multimolecular adherent, the term "suri^ace" means an amphibious surface, a chemically 
bland surface or a specifically attractive surface. 

The terms "surface feawre" and "specifically attractive surf^ace feanue" refer to a 
structural shape or structural feature of a specificaUy attractive surf^ace, i.e.. a specifically 
recognizable structuial feature of a surf^ace. Surface features include natural, synthetic. 
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designed or selected structures or surfaces, preferably subnar^omeier- to submicrort-sized 
surface contours, having a two-dtmens.onal or three-dimens.onal shape, contour, texture, 
charactensuc, pattern, distribution, property, configurauon, arrangement, organt^uon, 
order, lack of organization or order, form, trait or peculianty that can be speancally 
5 recognized bv a shape-specific recognition element 

The terms "surface library." "structure library" and "matenal library" reier to a 
random or nonrandom assortment of structural shapes or surface features comprising a 
structure, surface or material or a random or nonrandom assonmem of structures, surfaces 

or maieriais. . . »^ 

10 The term "surface template" means a template specifically attached by one 

recogniuon element to a surface m such manner that a second recognition element .s 
displaved on the surface in a preferred orientation, i.e.. an onentation enabhng the second 
recognition element to effectively and efficiently perform a desired funcuon. Desired 
functions include, e.g., solid phase catalysis, separations, multimolecular synthesis. 
15 purification and/or detection of selected molecules, and scanning, imaging ^d/or 
characterization of displayed recognition elements by an anal>tical system, e.g.. STM,- 
optical scope, laser scanning device or hybrid system. 

The term "synthetic," when used to describe a defined sequence segment, means 
nomiaturallv occurring, i.e.. the defined sequence segmem is not heretofore known to occur 
20 in namre ('sans human biotechnologic .nter.'enUon) and is not heretofore known to be a 
biological recognition site. The term "synthetic." when used in reference to a syntheuc 
heteropoh^er, means that 1) the syntheuc heteropoly^er is not derived from a heretofore 
known bioloocal organism and 2) the nucleotide sequence of the synthetic heteropolymer .s 
not heretofo;e known to occur in nature and 3) at least one defined sequence segment 
25 composing the synthetic heteropolymer is selected fmm a source other than a heietoU>^ 
known biological organism, biological polymer or collation of biological polymers and 4) 
the nucleotide sequence of at least one defined sequence segmem comprising the syntheuc 
heteropoK-mer is not heretofore known to occur in namre. At least one defined sequence 
segment ;fas^•nthetic heteropolymer is typically selected either 1) from an experimental or 
30 willfullv designed mi.xture, population, pool, library or assortmem of sequences, preierably 
a diver;e mixture, population, pool, library or assortment or 2) by means of a compu^r 
simulation, model, search engine or virtual experimem or 3) by in vitro evolution or dir«:ted 
evolution. In each case, the selection criteria are established to identify sequences capable of 
either specificallv binding to a selected nonoligonucleotide molecule ornucleic acid sequence 
35 or hvbridizing to a selected nucleic add sequence or positioning a conjugated molecule (e.g.. 

bv hybridization, ligation or specific binding of a conjugate or ab inirio synthesis ot a 
s;nthetic heteropolymer comprising a conjugated defined sequence segmem) wuhm 
functional coupling distance of a selected molecule capable of specifically binding another 
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defined sequence segment and/or within suitable proximit) of the selected molecule to enable 

single-molecule detection. 

The term "synthetic aptamer" means an aptamer or aptamenc sequence that is not 
heretofore known to occur in nature and function as a biological recognition site or an 

5 aptamer conjugate. 

The term "sy-ntheuc defined sequence segment" refere to a nonnaturally occurring 
defined sequence segment, meaning either I) a defined sequence segment which is not a 
biological recognition site and whose nucleotide sequence is not heretofore known to occur 
in nature (i.e., sans genetic engineering) or 2) a conjugated defined sequence segment, 
10 wherein the corresponding unconjugated sequence segment is not a biological recogniuon 
site for the conjugated molecule or 3) a sequence of nucleotides comprising a modified 
nucleotide, nucleotide analog, nucleotide ligand, nucleotide receptor or nucleoude catalyst. 
When used m reference to a synthetic heleropolymer or aptamenc dev ice, the term " s>..thetic 
defined sequence segment capable of speafically binding to a selected molecule," means a 
15 svnthetic aptamer. Where a nonaptameric nucleotide-based multimolecular de^•ice is capable 
of specifically binding a selected molecule, the operative recognition elemem is not an 
aptamer, but a defined sequence segment conjugated to a specific binding partner, e.g., a 
ligand, receptor or modified nucleotide, optionally a nucleoude ligand or nucleotide receptor. 
The teim "synthetic heteropolymer" means a nonnamraJly occurring 
20 heteropolvmer. and refers to nucleotides, particularly nucleic acids and replicatable 
nucleotides (including partially and fully double-stranded and single-stranded nucleotides, 
synthetic RNA, DNA and chimeric nucleotides, hybrids, duplexes, heteroduplexes, and any 
ribonucleotide, deoxxiibonucleotide or chimeric counterpart thereof and/or corresponding 
complementan- sequence, promoter or pnmer-annealing sequence needed to amplify, 
25 transcribe or replicate all or part of the syntheuc heteropolymer), having at least t^vo defined 
sequence segments, wherein at least one defined sequence segment per discrete structure is a 
svnthetic defined sequence segment capable of specifically binding (or shape-specifically 
recognizing) and optionally covalenUy attaching a selected nonoligonucleoUde molecule or 
group of molecules. The second defined sequence segment is capable of either specifically 
30 binding (or shape-spccificaUy recognizing) and optionally covalently aiuching a different, 
selected nondigonucleotide molecule or selected nucleic acid sequence or of hybridization or 
of positioning a conjugated molecule within suitable distance of a selected molecule 
specifically bound to a first defined sequence segmem to enable single-molecule detecuon or 
functional'coupling between the conjugated molecule and the selected molecule. In other 
35 words, a svnthetic heteropolymer comprises at least a synthetic aptameric first defined 
sequence segmem which is capable of specific recognition and a second defined sequence 
segmem which is a conjugated defined sequence segmem or is capable of specific 
recognition. Where a second defined sequence segment is designed or selected to position a 
conjugated molecule for functional coupling to a specifically bound selected molecule, the 
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selected molecule is preferably an effector molecule and more preferably a signal-generating 
species or a drug. A convenient method to position a molecule conjugated to one defined 
sequence segment for functional coupling to a selected nonoligonucleotide molecule 
specifically bound to another defined sequence segment of a svTithetic heteropolymer 
5 involves 3' and/or 5' end-labeling of a defined-length sequence, particularly 5'-end labeling. 
The eiriciencN- of functional coupling (i.e., the distance between attached selected molecules) 
can then be adjusted by varying the leiigth of the conjugated defined sequence segment (and 
optionally the composition of the inter^'ening nucleotide sequence). Defined sequence 
segments' intemallv labeled or modified at defined nucleotide positions can also be used to 
10 effectively position conjugated selected molecules. In this case, functional coupling 
efficiencv- is optimized by adjusting the conjugation position of the selected molecules. 
Where the second defined sequence segment is designed or selected to position a conjugated 
molecule « ithin suitable pioximitv' of a specifically bound molecule to enable single- 
molecule detection (e.g.. Example 16, vide infra), the conjugated molecule comprises a 
15 selected molecule, preferably an effector molecule, macromolecule, group of molecules or 
signal-generating species. A multisite heteropolymer selected from a random-sequencft 
nucleic acid libraiy to position and/or functionally couple selected molecules is refeired to 
herein as a synthetic heteropolymer, even though the random sequence segment is not 
strictly a defined sequence segment until the selected heteropolymer is characterized. The 
20 second defined sequence segment of a syntheuc heteropolymer comprising an aptamcric fust 
defined sequence segment may be a conjugated defined sequence segment capable of 
hybridizing a selected nucleic acid sequence comprising a primer or may altemauvely be an 
unconjugated defined sequence segment capable of hybridizing a selected nucleic acid 
sequence comprising a conjugated primer. However, a nucleic acid molecule compnsmg a 
25 randomized sequence and one or more fixed, unconjugated primer-annealing sequences is 
not a sMithetic heteropolymer, nor is an apiamer comprising one or more unconjugated 
primer-annealing sequences for unconjugated primers. So long as a syntheuc heteropolymer 
comprises at least two defined sequence segments capable of specifically binding, 
hybridizing or positioning a selected nonoligonucleotide molecule or selected nucleic aad 
30 s«iuence. u herein at least one syntheuc defined sequenpe segment is capable of specifically 
binding a nonoligonucleotide molecule, there is no upper limit to the number of defmed 
sequence segments per synthetic heteropolymer. Any nucleotide-based discrete structure that 
comprises a synthetic first defined sequence segment capable of specifically recognizing a 
fim (nonohgonucleotide) molecule and a second defined sequence segment capable of 
35 specifically recognizing a second (nucleotide or nonnucleotide) molecule is or composes a 
synthetic heteropolymer, so long as the first and second molecules are differem molecules 
aiid the second defined sequence segmem is not an unconjugated primer-annealing sequence 
or a ribozvme. Two different aptamer molecules joined to one another either direcUy or 
indirectiy via a linker (i.e., a nucleotide spacer, spacer molecule, oligonucleotide linker or 
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nonnucleotide linker) to form a discrete structure capable of specifically recognizing t%vo 
difTercnt nonoligonucleoude molecules is a synthetic heteropolymer, alternatively referred to 
herein as an aptameric multimolecular complex. A discrete structure comprising an aptameric 
defined sequence segment attached indirecUy via a linker to a second defined sequence 

5 segment is also a synthetic heteropolymer if the discrete stnicture is capable of specifically 
recognizing a nonoligonucleotide first molecule and of hybridizing to an oligonucleotide 
second molecule comprising a selected nucleic acid sequence. 

"Synthetic photosynthetic molecule" refers to artificial photosynthesis as known in 
the art and includes SN-nthetic energy convereion systems that mimic the natural process of 

10 photosynthesis. 

The tenn "synthetic reaction center" means a molecule or group of molecules 
capable of exisung in a light-induced, charge-separated state, thereby mimicking the function 
of a natural photosynthetic reaction center. 

The term "synthetic receptor" means a "designer receptor." i.e., a nanjrally 
15 occurring, recombinant, biological, biologically produced or synthetic nucleotide or 
nonnucleotide molecule or group of molecules comprising a specific recognition partner 
selected from the group consisting of specific binding parmers, hybridizaWe nucleic acid 
sequences, shape recognition partners, specificaUy attractive surfaces and specific 
recognition pairs, advantageously a mimetic specific recognition parmer (i.e., a receptor 
20 mimetic) tiiat mimics or approximates die binding specificity of a selected target or receptor 
(e.g.". a therapeutic target) for its recognition partner (e.g.. a dmg. hormone or transmitter) 
or a selected receptor that specifically recognizes a drug or a therapeutic receptor. 

The term "systcm(s)" means a system thai optionally or advantageously comprises 
paired systems. 

25 The term "target." when used in reference to a recognition element, shape-specific 

probe, multimolecular strucnire. multimolecular device or MOLECULAR MACHINE, 
means a selected target, aptamer target, theiapeutic target, target molecule, selected molecule, 
target sequence, selected nucleic add sequence or, in tiie case of a shape-specific probe, a 
spcdficallv attractive surface feature. When used in reference to molecular delivery devices 
30 described herein, the terms "target- and "target molecule" mean a selected target or any 
identified substance, structure, process, device or object capable of being acted upon by a 
selected molecule or selected nucleic acid sequence including, witiiout limitation, selected 
molecules, structural shapes and surface features, selected nucleic acid sequences, 
Uieiapeutic receptors, pathological, physiological and anatomical sites, disease markers. 
35 diagnostic analytes. cells, cell surface antigens, cytoplasmic, subcellular, genetic and 
genomic markers, biological recognition sites, environmental markers, pollutants, pests and 
pathogens, agricultural products, strains, symbiotes. pests, pesticides, pathogens and 
contaminants, industrial feedstock, products, byproducts, wastes, process and quality- 
control analvtes. chemical weapons, biological weapons and selected sites, recogmtion 
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elements and recognizable features comprising materials, substrates, transducer surfaces, 
amphibious surfaces, specifically attractive surfaces, chemically bland surfaces, solid 
supports, arrays, biochips and microminiaturized and nanofabricated devices. 

The lenns "target sequence" and "targeted sequence" refer to selected targets 
5 comprising selected nucleic acid sequences. 

The term "template" means a bivalent or multivalent nucleotide or nonnucleoude 
molecule or molecular scaffold capable of positioning at least t%vo molecules, preferably a 
multivalent molecular strucmre comprising a MOLECULAR MACHINE. 

The terms "template-directed," "template-based" and "templating" refer either to a 
10 nucleotide-directed process or produci or to specific attachmem of one selected molecule or 
surface to another selected molecule or surface by means of a nucleotiderbased or 
nonnucleotide template or molecular scaffold capable of specifically recognizing at least one 
of the selected molecules or surfaces. 

The term "tethered," when used in reference to a tethered recognition device or 
15 specific recognition pair, means that two members of a recognition pair comprising a 
synthetic multimdecular structure lemain connected to one another by covalent or. 
lieudoineveisible and preferably site-specific attachment to a common molecular scaffold or 
multimolecular strucwre. regardless of whether the recognition partners are directly attached 
to one another or not For example, tethered members of a specific recogniuon pair 
20 covalenUv or pseudoirreversibly attached to a common molecular scaffold may be either 
specifically attached to one another (e.g.. hybridized or specifically bound) or not 
specifically attached to one another (e.g.. unhybridized. dissociated or unbound). 

The terms "tethered specific recognition device," "tethered recognition device," 
"tethered molecular recognition device," "tethered device" and "tethered specific recognition 
25 pair" refer to stimulus-responsive synthetic devices comprising a molecular scaffold, 
optionally a sv-nthetic nucleotide or a nomiudeotide multimolecular strricture, and at least two 
members' of a specific binding pair or four members of two difTerent specific recogmtion 
pairs, each member being covalently or pseudoirreversibly attached in a site-specific manner 
to the molecular scaffold. Each member of a specific recognition pair comprising a tethered 
30 recognition device is covalently or pseudoirreversibly tethered to its specific recogniuon 
partner bv attachment to a common scaffold, so the specific recognition partners remain 
connected (i.e.. indirectly attached) even when they are not specifically bound or hybndized 
to one another (i.e., not specifically and directly attached). Unlike prior art tethered 
compositions, each tethered device of the instant invention is capable of existing in either of 
35 two functionallv different states (e.g., "on" or "ofP) depending on whether a selected target 
is present. The instant tethered devices are therefore stimulus-responsive, i.e., specifically 
responsive to a selected target. For example, specific recognition of a selected target 
molecule b%- a tetiiered recognition device results in generation of a detectable signal or 
targeted deUverv of a payload molecule, e.g.. an effector molecule or drug. Advantageously. 
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the molecular scaffold to which members of a specific recogniuon pair are leihered may 
comprise a conjugated aptamer. In other words, an aptamenc muliimolecular device having 
two members of a nonaptameric specific recognition pair conjugated to an apiamenc 
molecular scaffold is an apiameric tethered specific recognition device. In this embodiment, 

5 at least one member of the aptameric and/or nonaptameric specific recognition pair further 
comprises an effector molecule, e.g.. the member is detectably labeled or specifically 
attached to a releasablc or activataWe effector (e.g.. a prodrug). The terms "tethered 
recognition device." "tethered recognition pair- and "tethered device" may also refer to 
stimulus-responsive devices that alternatively comprise wo members of a catalytic 
10 recognition pair covalenUy or pseudoiireversibly attached to a molecular scafTold. The 
inteiacnon betxveen first and second molecules comprising the catal>-tic recognition pair may 
be modulated by the binding or activity- of a third molecule comprising or capable of 
lecognizine a functional element of the tethered recognition device. 

The terms "therapeutic receptor." "target receptor" and "patiiophysiological 

15 receptor," %% hen used in reference to dnig delivery methods and devices disclosed herein, 
mean nucleotide and nonnucleotide targets of drug, hormone and transmitter action, 
including selected molecules, selected nucleic acid sequences and strucniral shapes. 

The tenns "therapeutic target." "pathophysiological target," "pathological target," 
and "disease target." refer to the physiological, pathological and anatomical sites of drug 

20 action and include theiapeutic receptors, targeted molecules and receptors, target molecules 

and receptors, groups of target molecules or receptors, and cells or groups of cells 
OMnprising target molecules or receptors. 

"Tight coupling" and "efficient coupling." when used in reference to the functional 
coupling of machine intelligence to a process, domain or SN-stem. means that data and/or 
25 information are effectively comprehended in a usefully timely manner. Perfect effectiveness 
means comprehension of all information with absolute fidelitj . Perfect timeliness means 
immediate or instantaneous. For any given application or process, "Tight" and "efTiaent" are 
relative terms, i.e.. quantitative standards vary for different applications. For purposes 
disclosed herein, these terms refer to a degree or efficiencj' of functional coupling that is 
30 practically useful and sustainable, preferably increasing with time, i.e., growing more 
efficient and thus becoming more effective. Any degree of functional coupling may be 
useful. Absence of functional coupling means that two substances, processes, devices or 
systems function independenUy or autonomously, i.e., they are functionally uncoupled, 
l^e couphng means an intermediate or partial degree of cooperation between two 
35 substances, processes, devices or systems which may or may not be practically useful. 
Particulariv useful loosely coupled substances, processes, devices and systems are those m 
which the degree of functional coupling increases with time, i.e., Uie substances, processes, 
devices or systems evolve toward tight and efficient functional coupling, thereby 
approaching perfect functional coupling. The terms "tight coupling" and "efficiem coupling." 
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when used in reference to the functionally coupled substances, processes, devices and 
systems, shall be interpreted and understood by analogy to conesponding terms describing 
informational devices. Conversely, the term "funcUonal coupling,- when used in reference 
to informational devices, machine intelU^ce and library selection, is to be interpreted and 
5 understood as a metaphor in respect of the functional coupling between molecules 
comprising multimdecular devices. 

"Transduce" means to convert, transform, transfer, modify, send, receive or 
interconnect from one substance, process, state, form, unit or level of matter, infonnation, 
order or energy to another or between two substances, processes, states, forms, units or 
10 levels of matter, information, order or energy, typically by means of a change in the relative 
energy state, velocity or position of two molecules or a molecule and its environment, 
particularly a change that occurs in response to a thermal gradient, electrical, chemical or 
electromagnetic potential, mechanical force, specific stimulus or recognition event 

The terms "transducer" and "transducer surface," when used in reference to an 
15 immobilized substance or specifically attractive surface, refer to surfaces, solid supports and 
devices capable of converting an output of a molecule, multimdecular smicture ot 
multimolecular device (e.g., matter, energy and/or heat) into a qualitatively or quantitatively 
different form, wherein the conversion produces useful work or a detectable signal. 
Functional coupling between a multimolecular device of the invention (e.g., a multimolecular 
20 transducer, multimolecular switch or multimolecular sensor) and a transducer surface can be 
accomplished, e.g., by the transfer of mass, energy, electrons or photons or by coupled 
chemical or enzN-matic reactions tiiat share a common intermediate, mediator or shutUe 
species. 

The terms "transpose," "transposing" and "transposition," when used m reference 
25 to nucleotide library-mediated processes and products, refer to mapping, imprinting, 
transforming, expressing, reflecting, bouncing, passaging, passing, projecting, or 
converting a first property, shape, structure or activity comprising a first molecule, material, 
molecular medium, librarv' or selected population within, through, on, off, or into a second 
molecule, material, medium, population, library or region of diversit>- space. Transposition 
30 mav be used to create an imprint, antiimprim, antiidiotype, idiotype or mimenc of a 
nucleotide or nonnucleotide target or an imprint, replicate, mimetic or progeny thereof, e.g., 
anv successive offspring or descendant evolving from the parem molecule, segment, 
nucleotide, precursor, donor or target. In one mode of operation, the bivalent and 
multivalem recognition properties of synthetic heteropolymers are transposed into 
35 nonnucleotide molecular media by dual imprinting, creating anti-antiidiotypes or idiotypic 
mimetics of svnthetic heteropolymers. 

The 'term "undiscoveraWe" means either already discovered or unknown and 

unknowable. 
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The terai "unknowable." when used in reference to molecules, maner. data, 
infonnauon. energy, methods, principles, processes, compositions or applications, means 
not known and not capable of being known or discovered. 

The terms "unknown" and "unknown information' refer to information that is not 
5 heretofore known, including information capable of becoming known (i.e., knowable and 
discoverable information) and infomation not capable of becoming known (i.e., 
unknowable information). 

The terms "willful" and "willfully" refer to human will, intent, design, or purpose. 

10 DESCRIPTION AND EXAMPLES 

This invention relates to methods and structures for coupling the activities of two 
or more molecules or groups of molecules, preferably molecules witii defined activities, to 
peiform functions dependent on the spatial proximity of constituent moleeules. Whereas 
Cubicciotti, U.S. 5,656,739 discloses a metiiod for specifically and noncovalentiy 

15 assembling selected molecules into a single multimolecular structure through use of synthetic 
heteropolymers or multivalent heteiopolymeric hybrid structures comprised of hybridizably 
linked sv-nthetic heteropolymers, the instant invention further provides templaie-otderBd 
multimolecular devices which are covalentiy cm- pseudoinev»sibly stabilized. Also provided 
are nonnucleodde multimolecular devices comprising imprints and mimetics of synthetic 

20 heteropolymers. 

Each syntiietic heteropolymcr disclosed herein comprises nucleotides having at 
least a first and a second defined sequence segment. One defined sequence segment of a 
synthetic heteropolymer or multivalent heteropblymeric hybrid structure is capable of 
specifically binding to a selected nonoligonudeotide mdecule or group of molecules, 
25 preferably a receptor, ligand, strucnual molecule or effector molecule, or specifically 
recognizing a surface feature of a specifically attractive surface. The other defined sequence 
segments are capable of either specifically binding to a different nonoligonudeotide 
molecule, group of molecules or selected nucleic acid sequence or of specifically recognizing 
a surface feature of a specificaUy attractive surface or of hybridization or of participating by 
30 means of a caijugated molecule, optionally a conjugated nucleic acid molecule, in functional 
coupling to a selected nonoligonudeotide molecule or group of molecules specifically bound 
to a first defined sequence segment 

The [wesent invention teaches metiwds to engineer defined sequence segments into 
a sequence of nudeotides, modified nucleotides or nudeotide analogs that control the 
35 proximity of two or more selected molecules by the relative positions of defined sequence 
segments along the sequence and further provides covalenUy stabUized devices prepared 
from nudeotide-directed molecular assemblies. Also provided are nonnucleotide 
multimdecular de\'ices ccnnixising multivalent imprints and mimetics of nucleotide-based 
multimolecular devices. 
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Useful multimolecular devices of the invention include switches, sensors, 
transducers and drug delivery systems produced using both the covalent and noncovalent 
binding capabihties of nucleoude polymers, selected molecules and conjugates thereof, 
including, hybridization of complementaiy nucleotide sequences, aptamer recogmnon of 
nonnucleotide molecules, specific binding between ligands and receptors, specific bmdmg 
between noncomplcmentary nucleic add sequences, and even self-assembly of 
MOLECULAR MACHINES using nucleotide-based templates. Nucleotides of the mstant 
invention particularly defined sequence segments, aptamers, specific binding pairs, shape 
recognition pairs and conjugates thereof, also combinations of defined sequence segments 
comprising synthetic heteropolymers. and even combinations of multiple syntheuc 
heteropolvmers comprising multivalent heteropohmenc hybrid structures, are shown herein 
to provide control over the relative positions of specifically and covalently bound molecules. 
The resulting switches, sensors, transducers and drug deliver>- devices function in a highly 
efficient manner due to the spatially ordered arrangement of molecules within multimolecular 
15 devices. 

m a preferred aspect of the invention, multimolecular devices comprise at least t«a 
different specific recognition pairs positioned by nucleotides in suitable spatial proximity to 
enable either functional coupling between the specific recognition pairs or, in the case of 
certain molecular delivery devices, concerted action of two or more selected molecules (e.g.. 

20 drugs) at a selected target (e.g., a tiierapeutic target). The positioning capability of defined 
sequence segments described herein refers to functional coupling both between different 
molecules connected by nucleotides and between nucleotide-positioned molecules and 
selected targets. The benefits of functional coupling bet^veen and among molecules 
comprising and targeted bv nucleotide-based multimolecular devices in many ways parallel 

25 tiie stnu:mral and functional efficiencies realized through biological evolution and self- 

orgaiuzatioi. . <- n 

Nucleotide-based templates can be also be designed or selected to specifically 
• recognize structural molecules of surfaces, parts, products, articles of manufacture, 
containers, packaging and packing materials for use as reversible and reusable adhesive 
30 coatings. Specific bindirig of a bivalent template to at least one of two surfaces allows the 
surfaces to be bonded, optionally reversibly and repetitively. A first ligand. receptor or 
defined sequence segment of tiie bivalent template, optionally two or more hybndized 
nucleotide sequences binds die first surface. A second ligand, receptor or defined sequence 
segment of die bivalent template binds die second surface. Reversible surface bonding is 
35 achieved bN- specific template binding to structural molecules comprising die surfaces, 
optionallv ^ded by hvbridization of two or more defined sequence segments. 

'if die composition of the two surfaces is different (i.e., foil on leather or vinyl on 
cardboard), a bivalent adhesive applied to one surface orients in a sided and reproduable 
manner. Each member of a plur^ity of templates also orients in a sided and reproduable 
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Orientation. Once a selected second surface is placed upon the lemplate-modified TiRt 
surface, the templates thus consort in bonding the surtaces. A pluralit>- of weak-binding 
templates can effectively and reversibly bond the two surfaces due to their collecti> e binding 
su-ength. Because the bound templates share a common bivalent specificit\' and are 
5 uniformly oriented, their collective binding strength can be specifically and efficiently 
reversed by a specific aiid convenient inter\'enuon, e.g.. application of a selected laser or 
electromagnetic frequency. 

If the composition of the two surfaces is the same (i.e., two flaps or panels of a 
cardboard box), the structure of the template is designed to prox ide specific, efficient and 
10 uniform binding to the suri"aces. Collective binding is achieved, e.g.. using dendrimeric or 
spherical poKmeric templates having surface-binding iigands uniformly attached in a site- 
directed manner. Advantageously, linear pohoners of defined length may be used, 
preferably with surface-binding iigands posiiionaiiy coniroiled in bcMh Cartesian and polar 
coordinates. Modified helical DNA is well suited of this application. Altemati\ ely. bivalem 
15 or multivalent DNA-ligand templates may be used as imprint molecules. A plastic adhesive 
capable of joining two surfaces in a specific and reversible manner can then be prepared in 
two sequential generations of cast-and-mold imprinting. 

Adhesive templates and adherent probes of the invention can even be designed to 
specifically recognize a particular structural shape or surface feature (i.e., a shape, texture, 
20 contour or other localized property) on the structure or surface, e.g., for specific attachmem 
of selected molecules to microminiatorized devices and/or nanofabncated features. Shape- 
specificitN' is distinct from ligand-receptor binding as known in the an. Shape-specific 
adhesive templates or adherent probes specifically recognize one surf^ace feature (e.g., an 
edge) without binding others (e.g., a face). Two surfaces having the same composition but a 
25 different surface feature, optionally male and female contours, can be aligned by a shape- 
specific bivalent template. Shape-specific recognition of a first part edge or face by a shape- 
specific template enables specific adhesion (bonding) to a second part, edge or surf^ace. 
optionally also treated. Shape-specific adhesion between surtaces is advantageously 
re\'eisible. Precise and specific feature-to-feaiure registration of first and second surf^aces 
30 and parts enables nanofabrication of hybrid devices with molecular-scale resolution. 

Multiply panemed surfaces may also be prepared by selecting and specifically 
attaching at least two, different shape recognition probes or templates to a surf-ace, 
preferably to each of two surfaces. Feature-specific attachment of bivalent templates to two 
different male features on a first suri;ace corresponding to equivalenUy spaced female 
35 feanires on a second suri^ace enables precise and unique registtation of the surf-aces. 
Advantageously, bivalent nudeotide-based templates feature-specifically attached to the male 
surf-ace may be hybridized to complementary bivalent nucleotide-based templates feanire- 
spedfically attached to Uie female surf-ace. The surf^aces may be reversibly bonded and 
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wiUfully separated Alternatively, they may be covalentiy and permanently attached, e.g., by 

photoactivated crosslinking. 

Whereas molecular adhesives of the instant invention are used to specifically attach 
uvo surfaces, molecular adherents are used to attach a first selected molecule to a second 
5 selected molecule comprising a surface. R^r example, a single nanofabricated surface may 
be functionaiized bs' template^lirected and feawre-specific attachmem of MOLECULAR 
MACHINES disclosed herein. For example, A selected molecule (e.g., a signal-generaong 
molecule) or a multimolecular device (e.g., a nuorescence energ>- transfer complex) may be 
site-specificallv delivered, e.g., to a selected, specifically attractive surface feature (e.g., an 
10 edge pit vertex, directrix or nadir). Advantageously, nonselected surfaces or parts need not 
be modified, even if thev have the same chemical composition as selected surface feamres. 
Nonselected surfaces are not specifically attr^tive and therefore not specifically recogmzed. 
Because shape recogmtion is specific for a surface feature and not its chemical .denutN-^ 
monolithic nanoscale feamres on micromachined surfaces can be specifically decorated with 
15 useful MOLECULAR MACHINES. Feamre-specific delivery of MOLECULAR 
MACHINES to nanofabricated shapes (e.g.. diamondoid features of a carbon, silicon or 
gallium arsenide device) enables precise strucmral and functional mtegmuon of orgaruc and 
inorganic surfaces and device components. Alternatively, optoelectromc MOl£,C\JLAR 
MACHINES patterned in a featore-directed manner to pits comprising CD and DVU 
20 surfaces can be used as marking devices for antipiracv' and anticounterfeiting purposes. 

Molecular adherents of the instant invention can be used not only to attach a first 
selected molecule (i.e., the delivered or targeted molecule) to a target surface, they can also 
be used to degrade, digest, detoxify or remove a secotid selected molecule (i.e., a selected 
larget molecule) comprising or attaching the target surface. For example, a molecular 
25 adherem designed to prevent or treat microbial corrosion of a nuclear reactor surtace may 
comprise a first recognition element (i.e., a specific recognition site) that specifically attaches 
to a molecule or surface feature comprising the corroded surface (e.g., a biofilm-modified 
metal) A second recognition element of the molecular adherent, e.g., an antimicrobial 
enz^'me or drug, mav then kill and/or degrade the causative microbe. Alternatively, a surface 
30 acti've effector molecule (e.g., an oxidoreductase or electroactive catalyst) ma>- directly 
modifv the properties of the corroded surface. Related applications include, e.g. 
prevention, remediation, u^ent or surface removal of dental plaque, tectenal 
contamination, mold, mildew, dust, pollens, mites, allergens, toxins, rust, tarmsh, oils, 

films, painis and coatings. 
35 The developmem of molecular adhesives and adherents is enabled by the abilitv- to 

either 1) identify a selected molecule capable of specifically recognizing the surface, either 
bv specific binding, hybridization to a nucleotide-modified surface (i.e., m the case of 
molecular adhesives), structural shape recognition or, alternatively, 2) selection ot a surface 
feature capable of recognizing an identified molecule. Selection of specific recogmuon 
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molecules or surfaces (i.e., structural shapes, surface features or selected molecules 
comprising a surface) may be accomplished by identifving a heretofore known selected 
molecule (e.g., a known ligand, receptor, effector molecule or structural molecule) having a 
desirable property or activity, preferably using an informational device(s) comprising a 
5 paired molecular search engine(s). A first molecular search engine explores a First 
multidimensional, evolving knowledge base encompassing heretofore known (i.e.. 
heretofore identified) molecules and their properties, actix ities, interactions, sourcing and 
production/processing data. A second su^ictural shape search engine explores a 
multidimensional, evolving knowledge base encompassing heretofore known stfuctures and 
10 surfaces (e.g., substrates and/or feedstock materials comprising potentially useful structural 
shapes and surface features), including heretofore known propenies, activities, interactions, 
sourcing. production and processing considerations. The informational system (paired 
search engines) is functionally coupled in a closed-loop, divergent (i.e.. positive) feedback 
control system, wherein the learning of one system at one and the same time advances and is 
15 adN'anced by the expanded comprehension of the other. In addition, the molecular 
knowledge base search engine (i.e., molecular knowledge base) is functionally coupled to 
an information source, preferably a willful datastream comprising not only heretofore 
available, but also emerging molecule and soiictures/surfaces data. In this way. the 
identities, properties, activities, interactions and use-considerations of heretofore known 
20 molecules and materials is correlated within an evolving informational system, preferably 
comprising, attaching to or capable of attaching to an expert system, intelligem machine 
and/or willful director. Similarly, novel catalytic properties may be introduced to a surface 
by either 1) attaching a catalytic selected molecule or nucleic acid sequence to the surface 
u^ing a bivalem or multivalent template or. alternatively. 2) selecting a surface library for a 
25 surface fcamre having a selected catalytic recognition property . 

Plastic segments of the instant invention deriving from functionally coupled 
nudeotide-nonnucleotide libraries enable transposition of the binding properties of sffucwial 
shapes (i.e., suri"ace features) into molecular and catalytic recognition partners and vice 
versa. A surface feature pre\'iously confined to the diversity domain limited by chemical 
3 0 blandness can now be transposed into molecular st^ucture-acti^^ty-shape space by imprinting 
to a paired library. Conversely, a structural shapes can be endowed or adorned with 
mdecular diversity by at least two heretofore unknown methods. 

First, a diverse stnictural space library (i.e.. surface library or material library) can 
be created by random, randomized, or rational, preferably combinatorial nanofabrication 
35 techniques (e.g.. emerging MEMS, MEMS, lithographic, ion beam and electrospray 
techniques). A selected specific recognition partner (e.g., a plastic segment), optionally a 
selected library of selected plastic segments) can be displayed on a chemically bland 
substrate (e.g., freshly cleaved mica) in a sirucmrally oriented manner, e.g., by site-directed 
covalent attachment. Alternatively, using a chemically bland surface comprising a selected or 
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designed surface feature (e.g., nanometer-scale concave pits or conical tips compnsmg 
uniquelv shaped nadirs, vertices and directricies). specific attachment can be achieved usmg 
molecular adherents comprising bivalent plastic templates disclosed herein, the plasoc 
templates havmg a binding domain (e.g., defined sequence segment imprint) capable of 
5 specificallv recognizing the selected surface feature. The second binding domain of the 
plasUc segment is then displayed in a controlled, preferred and uniform orientation. Whether 
by site-directed oovaient attachment of a plastic segment or feanire-specific recognition by a 
bivalent template, the result is a modified surface displa>ing a selected molecular shape or an 
assortmem or array, random or ordered in the two dimensions comprising a planar surface, 
10 of selected segments or paired segment templates comprising a selected librar> . This shape- 
modified surface (i.e., surface template or specifically grafted surface) can then be scanned 
by single-molecule detection techniques described herein, preferably SPM, more preferably 
AFM, advantageously multiplexed AFM comprising multiple cannlevered probe tips 
operating in parallel. Infoimation from this surface template is then used as a knowledge 
15 base defining three-dimensional shape(s) of displayed segment(s) to be correlated with 
similarly determined surface features comprising the surface libnuy . In this way. selected 
surface feanires can be identified which mimic the recognition properties of a molecular 
shape. The selected surface features can then be transposed through a nucleotide- 
nonnucleotide library into a newly selected molecular medium (i.e., a preferred and/or 
20 composiuonally diverse molecular matrix) by paired imprinting, e.g., a two-step imprinang 
process generating firstly antiidiotvpic and secondly idiotjpic imprints of the selected 
surface feature. Advantageously, the newly selected (i.e., evolved) molecular medium 
comprises a suitably compact, compressed, rigid and/or defined structure and shape to 
enable precise and informative three-dimensional AFM imaging of surface-displayed 
25 template features. It will be apparent to the skilled artisan that an analogous method can be 
applied to biological surface-displayed molecular and strucmral shapes as well (e.g., phage 
displayed peptides, complement determining antigens, Fc receptors, drug receptors, 
hormone receptors and the like, optionally displayed in self-assembling films, surface 

coatings, la\'ers or membranes). 

30 Second, bivalent plastic templates can be used to modify surfaces by adherence 

without scanning and transposing of a desired molecular shape into the surface matenal 
itself. For biomedical devices such as hearing aids comprising microcaniilever-bound 
MOLECULAR MACHINES functionally coupled to cochlear cells of the inner ear, 
biological and biomimetic materials are preferred. Microcantilex-ers may have dimensions on 

35 the order of t>pical AFM probes (e.g., about 100-200 microns long x 20-40 microns wide x 
0.3-3.0 microns thick). Alternatively, further miniaturization to micron and even submicron 
dimensions (e.g., 1.0 x 0.3 x O.I microns) enables honing of device responsiveness (i.e., 
sensitivity ) to the attogi^m scale. Biomimetic materials are optionally selected by imprinting 
defined sequence segments comprising nucleotides into plastic segments, preferably by 
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transposing a nonbiomimetic but othenvise attractive precureor through a nucleotide libran 
followed by selection of a plastic segmeni or template from a second, biomimetic molecular 
medium (vide infra). For microelectronic applications, e.g., attractive materials include 
metals, semiconductors, synthetic (organic) metals and synthetic semiconductors, including 
5 insulators and Mott insulators and further comprising dopants. For example, a bivalent 
plastic template is imprinted from a sxntheuc heteropoKnmer into a semi-rigid poKmeric 
matrix, e.g., polyacrylate, by paired iibrarv- transposition or by molecular imprinting 
methods known in the art (e.g.. Shea et al. (1993) J. Am. Chem. Soc. 775:3368-3369; 
Ramstrbm et al.(1993) J. Org. Chem. 58:7562-7564; Vlatakis et al.(1993) Nature 367:645- 
10 647). This bivalent imprint template is then transposed b\- a second imprinting step into a 
second molecular medium, preferably a relatively compressed and ordered rigid polymeric 
structure ha\ing conductive, semiconductive or insulating properties compatible, 
advantageously synergistic, with the structure and function of the microelectronic device. 
For example, to funcUonalize a field effect transistor e.g., a 0. 1 micron MOSFET switch, a 
15 plastic molecular adherent is imprinted or transposed from a bivalent aptameric or 
heteropolvTneric template into a coiresponding antiidiotype plastic template comprising a first 
binding domain specific for the conjuncticm between the planar suiface surrounding the FET 
device and the channel wall (i.e., ledge junction). The second domain of the plastic template 
may be a binding domain, a catalytic domain or an alternative effector (e.g.. a redox, 
20 photonic, or electrolununesoent domain). In this way. ne%v functionalities heretofore 
presumed to occur only in the realm of molecular shape space (i.e., molecular and catalytic 
recognition as distinct from spedfic suiface aoracuvitvO are introduced to chemically bland 
surfaces. Temjrfale-directed attachment of a heat sink and/or thermally triggered switch may 
enable, e.g., development of a molecular coolants or surge protector to pre\eni overheating 
25 of densely packed printed circuits (i.e.. feature sizes in the 1-100 nm range). .-Mtematively, 
in situ amplification of a negauvely charged nucleotide poK-mer may be used to generate an 
electrochemical potential or electromotive force (i.e., a molecular baiter\). e.g., by polymer 
replication-induced paitiiioning of charged monomeric nucleotides across a semipemeable 
membrane, channel, matrix cm- gate to which the replicated polymer is impermeable. 
30 The melding of suiface space and recognition space has important commercial 

implications. For example, seamless integration of biomimetic and semiconductor 
functionalities into hybrid devices and s>'stems can now be achieved This hybridization 
pro\'ides the an with a path to biosensors, biochips and molecular arrays capitalizing on the 
most useful and powerful atuibutes of materials and molecules heretofore refractory lo 
35 sustained and meaningful camaraderie. While efforts to achieve intimate contact and 
functional coupling between biologicals and inorganic substrates have long been in 
development (e.g.. biosensors, biochips, heanng aids, implantable drug delivery systems), 
achieving stable, tightly coupled integration has been impaired by the differing needs and 
interests of participating compositions. For example, biologicals tend to prefer wet, saltv . 
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proteinaceous solutions. Semiconductors, metal, and insulators, by contrast, are favor dr>-. 
clean, crj-stalline and particle-free. Semiconductors, FETS and switches are fabricated from 
bulk materials with 0.1 to 1.0 micron feature sizes, evolving towwd and below the 100 nm 
scale. Biological and biomimetic recognition reagents are molecules, supramolecular 
5 assemblies at best, having molecular sizes up to about the 10 nm scale. Structural shape 
(i.e., surface feature) selecuon from diversely modified surfaces, as described herem, and 
nucleoude-library mediated diversification and imprinting of identified surface features will 
bridge this gap between the 0.01-10 nm molecular playground and the 100-1000 nm world. 

The instant invention also enables innovative functionalization of emerging 
10 diamondoid structures and shapes comprising fuUerenes, buck>balls and related carbon- 
based nanostructures, e.g., carbon nanotubes, nanorods, and the like, doubUess to be 
followed b> noN-el silicon and gallium arsenide devices and heretofore unknown ceramics. 
Plasuc segments and templates disclosed herein can be used as adherents to decorate such 
diamondoid structures with specific recognition and catalytic recognition properties or to 
15 enhance connectivity, e.g.. to molecular wires and molecular switches. 
AltemaUvely.bivalent plastic templates can be used as adhesives to integrate carbon 
nanotubes, nanorods, nanolevers and other emerging nanostnictures with emerging 
submicron-scale photolithographic features. Alternatively, nucleoplastic templates 
comprising nucleotides, optionally encapsulated in glassy matrices can be used to perform 
20 cn-board processes heretofore known only to nucleotides, e.g., programmable self- 
assembly, replication, amplification and combinatorial mutation. 

Single-molecule detection, isolation, amplification and/or sequencing can be 
applied not only to aptamer screening, but to identification and characterization of other 
synthetic nucleotides having commercially useful properties or potentially useful activities 
25 that can be adapted w evolved in vitro for commercial use, e.g., ribozymes, catalytic DNA, 
and library-generated nucleotides having a specific binding or surface feature binding 
property or catalytic activity (i.e., catalytic recognition). In a preferred aspect of the 
invention, a library of nmdom-sequence nucleotides, each random-sequence nucleotide 
comprising or attaching to a first selected molecule (preferably a first molecular effector or 
30 selected nucleic acid sequence having a first selected activity) is screened and selected for tiie 
ability to recognize a target comprising a second selected molecule (preferably a second 
molecular effector capable of cooperating with the first, preaitached selected molecule). 
Random-sequence nucleotides capable of recognizing the second selected molecule (e.g., 
effector molecule) or nucleic acid sequence (e.g., conjugate, riboz>'me, catalytic DNA, 
35 recognition site) arc then selected by single-mdecule detection of functionally coupled 
nucleotide-iarget molecules. Unlike single chromosome imaging and excision as known in 
the art, the instant methods provide a means for harvesting potentially valuable syntiietic 
nucleotides from synthetic libraries based on functional activities, e.g., specific binding, 
specific anractivity and catalytic recognition. Also unlike heretofore known scanmng probe 
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chromosomal dissection efforts, the instant invention discloses not only single-molecule 
amplification followed by large-scale sequencing, but also a single-molecule sequencing 
modalit>'. The instant methods are advantageously applied to single-su^ded as well as 
doiible-stranded synthetic nucleotides, including ribonucleotides, deoxyribonudeotides, 
5 hybrids and chimeric sequences, preferably nucleotides having as few as one two bases per 
sequence. Also disclosed herein is the use of single-molecule detection and sequencing to 
deconvolute nudeotide-encoded chemical libraries, particularly modified nucleotide libraries 
comprising nucleotide ligands, nucleotide receptors and nucleotide catalysts. 

Single-mdecule detection, amplificaticMi and sequencing methods disclosed herein 
10 are not drawn to analysis, mapping or sequencing of chromosomal DNA or genomic nucleic 
acids or to naniral replication, transcription or translation of biological nucleic acids to yield 
natural, recombinant or transgenic proteins. These and other applications of nucleic acids, 
nucleic acid analysis, single-molecule imaging and single-molecule sequencing are known in 
the an and outside the scope of this invention. However, as will be apparent to the skilled 
15 artisan on reading the instant disclosure. MOLECULAR MACHINES designed and selected 
using single-molecule detection methods provide highly sensitive, specific and well-defined 
multimolecular compositions capable of molecular counting, DNA diagnostics, 
pseudoimmunodiagnostics, clinical chemistry and high-Uiroughput screening (e.g., for drug 
discovery ), all with the potential to achieve single-molecule detection, characterization, 
20 diagnostics and monitoring. These and other single-molecule uses of MOLECULAR 
MACHINES, including the analysis, mapping and sequencing of genomic, microbial and 
piasmid nucleic acids, are fully within the purview of this inventioa 

Mapping libraries arc preferably diverse libraries of selected recognition partners, 
preferably nucleotides selected from a diverse pluralit\ of nucleotide libraries, used to 
25 tnuispose the recognition properties of a selected population of selected nonoligonucleoude 
molecules into a selected population of replicatable nucleotides which can be sequenced and 
archived. Mapping libraries may be used to create an antiidiotypic or idiotypic image of a 
selected population <rf selected molecules through one or m<Me imprinting steps. An 
antiidiotypic imprint may be obtained in a single step to or from a nucleotide library. For 
30 example, a template miy be imprinted in a single step to create an antiidiotype which is 
idiotypic to one or more selected molecules capable of recognizing the parent template. 
Alternatively, a nonnucleotide receptor may be imprinted in a single step to create an 
antiidiotypic ligand. In a second imprinting step, the antiidiotypic hgand may be imprinted 
using a nucleotide library to create a nucleotide idiotype of the parent receptor. The 
35 corresponding nucleotide library can be 1) sequenced with single-molecule resolution, 2) 
replicated with approximately perfect fjdelit>', 3) digitally archived in the form of sequence 
information comprising a searchable knowledge base of an informational system (e.g., 
search engine), 4) archived as matter, e.g., replicated clones of the parent mapping librar\ , 
5) amplified wiUi variable fidelity to generate diverse brethren libraries useful in searching 
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functionally defined regions of molecular diversity space, 6) transposed by imprinting into 
altemauve molecular media expressing different structural and functional dimensions of the 
parent mapping libiaiy. and 7). funcuonally characterized by singie-molecule detection 
methods as disclosed hCTcin. e.g., detection of specific binding proclivities to selected 
5 molecules using, e.g., AFM and/or optical scanningymicroscopy. The specific binding 
proclivity of a library is preferably determined by massively parallel scanning of a selected 
array of selected molecules by optically guided, multiplexed SPM techniques presenUy 
beoOTiing known to the art These individual and collective embodiments of transposition, 
enable the exploration, expression, amplification, displa>-, archiving, pemutation and 
10 combinatorial coirelation a selected population of selected molecules first in molecular space 
and second in functionally coupled informauonal space. Impnnt library means a mixture of 
molecules prospectively comprising a recognition partner for an identified target 

The commercial potential of nudeotide-directed mapping libraries is substantial. 
Nucleotide-dirwjted transposition of provides a general method for characterizing, cloning 
15 and archiving representations of any selected population of selected molecules both in 
molecular space and in information space. For example, a selected population comprising B 
cell, T cell or macrophage-engulfed antigens or antibodies; a selected population comprising 
lymphocytic leukemia-specific antigens or cell surface antigens comprising a fractionated 
tiimor homogenate; a selected population of molecules capable of binding a selected suiface; 
20 a selected population of molecules capable of catalyzing a selected chemical reaction; a 
selected population of molecules comprising a selected hazardous substance or spill; a 
selected population of molecules comprising the set of willfully accessible DNA 
intercalators; a selected population of suiface features comprising the surface of a scar; a 
selected population of molecules capable of recognizing smoke particles; a selected 
25 population of molecules capable of binding a selected microbe; a selected population of 
molecules capable of binding a selected population of selected microbes; a selected 
population of molecules capable of recognizing serotonergic or p-adrenergic or 
dopaminergic receptors; a selected population of molecules capable of recognizing avidin or 
cancanavalin A or protein A or protein G or tiie Fc region of IgG; and so forth. Any of these 
30 selected populations of selected molecules can be transposed into nucleotide space, 
chai^terized, digitally coded, archived, cloned, amplified witii impunity or infidelity and 
comprehended in information space. Products ntay further be mapped into a selected 
nonnucleotide medium which may represent a similar or entirely different region of 
molecular diversity space from the parent, nucleotide-mapped, selected population of 
35 mdecules. 

Also disclosed herein is the abiUty to map molecular space (i.e., recognition space) 
into surface space (i.e., surface feature or materials space). In fact, the ability to transpose 
surface features (e.g.. scats, MOSFET channel junctions) into molectilar shape space and 
vice versa, enables the mapping of any knowaWe population comprising suiface features or 
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selected molecules into nucleotide space. The abilitv to map nucleotide space into a second 
molecular medium enables the recognition properties of the parem population of selected 
molecules to be recast into a second molecular medium having different chemical and 
physical properties from the parent pqiulation. 
5 Nudeotide-mediated digital encoding and deconvoluuon of the immune repertoire 

for real time monitoring of health status is one particularly attractive application of the 
divereirv that can be achieved with the paired nucleotide-nonnucleoude diversity generator 
disclosed herein. Questions and skepticism will arise regarding the potential of a nucleotide 
library lo achieve the diversity required to map a system as complex, e.g.. as the human 
10 immune sN-stem or even a subset thereof, e.g.. all CD antigens on a particular subset of T 
cells or all IgGs having a selected class specificitx' (e.g., for gram negative bacteria). These 
concerns are \-alid, in view of the molecular and informational complexit\- of these mapping 
functions. However, a divergent molecular diversity generator e\olving toward infinite 
divereity can achieve adequate diversity to comprehend (i.e., map) any finite population. A 
15 selected population of selected molecules is a finite set Also, willful selection of a selected 
population of selected molecules means that the diversity of the selected population can be 
reduced, e.g.. by tightening the selection criteria, fractionating cells or antibodies, isolating 
or purifying molecules by willful selection. Thus, a selected population of selected 
molecules, no matter how diverse the parent source (e.g.. the set of all human 
20 immunoglobulins), is a convergent set Diversity can be controUed, reduced to whatever 
degree necessary or piactical. A finite and potentially con>ergent selected population of 
selected molecules is intrinsically within the mapping purv iew of a higher order library of 
libraries coupled to an intelligent informational system. e.g., a divergent, multidimensional 
divereity generator comprising paired nudeotide-nonnucleotide libraries, optionally libraries 
25 of paired nucleotide lilwaries projected in molecular shape space. 

Selection and evdution of a mapping litaary requires highly efficient means of 
exploring diverse libraries, preferably paired nucleotide-nonnucleotide libraries and more 
preferably' libraries of paired libraries. Selection is preferably achieved in a combinatorial 
manner. e.g., using selected populations of selected molecules (i.e., selected targets) and 
30 paired library members (e.g., nucleic acids) conjugated to different signal-generating 
species. e.g., fiuorescent particles differing in size, color and/or spectral properties. 
Advantageously, the paii«d library comprises a random-sequence nucleic acid library , 
wherein member nucleic adds each comprise fixed-position or fixed-sequence nucleotides 
conjugated to a second and optionally a third, fourth and N* different signal-generation 
35 spedes. each expressing a different signal (e.g., color, fluorescence emission, enzyme 
activitN-. luminescence). Presdection or countersdection against stfucturally conserved 
epitopes is important in selecting libiaries for new recognition elements. Evolution of 
maximaUy informative mapping libraries requires muting, filtering or -subtraction of 



SOOOO: <WO_9960169A1 J.> 



wo 99/60169 



PCT/&k9'97n2i5 



- 96 - 

redundant or uninformative specificities, e.g.. epitopes comprising immunoglobulin hinge 

and disulfide bridge regions. 

Capitalizing on both the plasticity and adherent properties of nucleoplastic 
templates, attiacUve applications include cosmetics and tissue repair. Examples include long- 
5 lasting and willfully removable cosmetics {vide it^a) and mapping the shape space of a 
scar. By characterizing the surface attractivity and recognition propenies of a healed, 
cosmetically imperfect facial scar, for example, biocompatible molecular adherents can be 
used to replace, enhance or supplemem plastic surge^'. A first machine-coupled paired 
nucleotide library se^^'es as molecular diversity generator to produce a first set of libraries 
1 0 willfully and intelligenUy designed to map the molecular and sirucniral shape contours of the 
scar. A second machine-coupled paired library generator expresses and explores structure- 
activity-shape space for suitable biocompatible structural and effector molecules (e.g., 
mimetics of epithelium, keratin, collagen, elastic and/or contractile proteins, pigments). 
Template-directed molecular assembhes with affinities for tiie scar surface are then 
15 coselected in proximity space by a willfully directed, machine-coupled consorting system. 
The template-ordered molecules or assembUes are stabilized by irradiation or site-directed 
heterobifunctional conjugation. The stabiUzed conjugate or assembly is then optionally 
transposed through a paired nucleotide-nonnucleotide libran into a second molecular 
medium (e.g.. into a collagenous medium by antiidiotypic and anti-antiidiotypic imprinting 
20 steps). The final product optionally evolved through multiple automated cycles, is a patient- 
specific, customized, biocompatible adherem that coats and smoothes the fibrotic surface of 
a scarred wound. A similar selection process can be appUed the design and evolution of 
molecular adherents for a x ariety of dermatologic and cosmetic applications, including 
smoothing, filling, plasticizing and colonng wrinkles, birth marks, acne-induced pock 
25 marks, pitting, dermabrasions and the like. Molecular adherents can also be formulated as 
topical smaRTdrugs comprising targeted and/or triggered release prodrug complexes that 
dissociate on binding of an allosteric recognition site to a selected therapeutic target (e.g., for 
treatment of psoriasis, dermatitis, melanoma, impetigo, urticaria and die like). 

The instant mapping libraries and methods for mapping surface features into 
30 molecular shape space thus enable die transformation of recognition properties or surface 
features of a first material or molecular medium into a second material or molecular medium. 
This nucleotide-mediated molecular transposition process (i.e., transformation through 
nucleotide space) enables the propenies of ordinary molecules to be represented, archived, 
amplified, and modulated in nucleotide space. Retrieval may then be achieved in a second or 
35 third or fourth molecular medium, advantageously a molecular medium selected on 
sUTicmrofunctional grounds by an intelligent informational system, preferably a functionally 
coupled network comprising informaoon source(s). knowledge bas^s), hypothesis- 
generating and hypothesis-testing search engines as described elsewhere -in tiie instant 
disclosure. 
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Nudeoude-directed transformation enables a selected sterile molecule or population 
of molecules to proliferate irt molecular diversity space and thereb>' populate diversity space 
through faithful mapping (i.e.. replication) and unfaithful replication (e.g.. drift, mutation or 
directed e\'olution via biased amplification) mediated bv nucleotides, preferably paired 
5 nucleotide libraries comprising an automated, willfully directed process. Advantageously, 
transformation is achieved from a first selected molecule(s) to a second, improved selected 
molecule(s) by passing (i.e., transposing) the first selected molecule(s) through a nucleotide 
libraTN*. 

In this way, a first selected population of selected molecules, optionally a single 
10 selected molecule, can be mapped into nucleotide space, uansposed into an alternative 
molecular medium or material which can be retrieved and archived in nucleotide space, and, 
as desired reflected into and e.\pressed in still new and diffnent materials and media. 

Nucleotide mapping libraries of Uk instant invention are surprisingly useful, 
particulariy functionally coupled paired libraries comprising at least a library of first 
15 nucleotide libraries capable of representing a nonnucleotide library in nucleotide library- 
space. This transposition of nonnucleotide molecules, preferably selected populations of 
selected molecules, enables the transformation of a heretofore sterile molecule or population 
of molecules into a rejrficataWe, amiriifiaMe, diver^nt molecular medium. 

Various terms are used herein metaphorically to describe nucleotide library- 
20 mediated transposition. For example, the diversity of a first selected molecular medium 
confined to a particular region of diversity space (e.g.. decapeptides or octapeptides or Arg- 
Gly-Asp-Ser conformers) may be expanded, enhanced, mutated, transformed, or transposed 
by bouncing the molecule(s) off a nucleotide library or reflecting a first library off a 
nucleotide library or passaging or passing a first molecule through nucleotide library or 
25 projecting or imaging a molecule or library in diversity space. These metaphors represent the 
inventor^ attempt to articulate tiirough visually uactable images a toolkit of meUiods and 
compositions that relate to N-dimensional space. These methods and compositions are best 
expressed in matiiematical language(s) in which tiie instant inventor is not well versed. 

An important aspect of instant invention is to provide a paired library comprising a 
30 nucleotide librar>' and a nonnucleotide library (hereinafter nucleotide-nonnucleotide or paired 
nucleotide libraries) capable of functioning as a fertile molecular diversity generator, i.e., an 
automated process comprising paired nucleotide libraries capable of exploring diversity 
space on an application-specific basis tfuough functional coupling with a diversity space 
search engine tiiat is in turn functionally coupled to an information source (e.g., willfully 
35 acquired data, informatim or iaiowledge). 

Another important aspect is tiie incorporation of a molecular diversity generator- 
search engine pair within a multicomponent system designed to create, assemble, imprint, 
transfomi and evolve useful molecules comprising multimolecular assemblies, preferably 
eititer 1) self-replicating, self-assembling nucleotide-based MOLECULAR- MACHINES or 
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applicanon-specific, plastic-casted .mprints comprising mulumolecular machines for 
industrial use. Components comprising the system include, for example, a molecular 
divemt^ generator (i.e., an evolution station with variable fidehtv' ampUr.er); a somng 
stauon (i.e., HbiBrv screening and selection of selectable molecules); a consorting station 
5 (ie a molecular proximity optimization or functional coupling station); a templating stauon 

(ie preparation of nucleotide and nonnucleoude templates); a first template-directed 
assembly station (i.e., self-assembly of nucleotide-based multimolecular devices and 
MOLECULAR MACHINES); a conjugation stauon (i.e., for covalent conjugation ol a pair 
or group of template positioned molecules or for covalent stabilization of MOLECULAR 
10 MACHINES); a casting or imprinting station (i.e., for transposing templates and selected 
molecules into alternative molecular media); a second templaiemirected assembly stauon 
(i e self-assemblv of MOLECULAR MACHINES comprising plastic templates and/or 
transposed selected molecules); a printing station (i.e., for plastic template-directed casting 
and moldine of imprints and antiimprints). The precursors and products of each stauon 
15 (e g a teinplate. selected molecule or assembled MOLECULAR MACHINE) may 
advantageously be recycled through the molecular diversitj generator in successive 
automatable rounds of paired nucleotide libiary-directed molecular evolution. Products of 
the system are 1) covalent conjugates of template-positioned, functionally coupled selected 
raoleirules 2) self-assembling, advantageously self-replicating nucleotide-based 
20 MOLECULAR MACHINES, optionally covalendy stabilized, and 3) self-assembhng 
nonnucleoude MOLECULAR MACHINES, optionally co%-alenay stabilized. Selected 
molecules comprising conjugates and MOLECULAR MACHINES may be heretofore 
known molecules, or they may be identified and/or evolved by the molecular diversitj- 
generator. 

25 SN-nthetic heteropolymeis disclosed by Cubicdoiti, U.S. 5,656,739 compnse a 

single-stianded nucleic acid molecule having at least a first and a second defined sequence 
segment, wherein the first defined sequence segment is capable of specifically and 
noncovalendy binding to a first nonoligonucleotide molecule having a selected acuviw and 
the second defined sequence segment is capable of specifically and noncovalenUy binding to 
30 a second, differem nonoligonucleotide molecule having a selected activity, wherein said first 
and second defined sequence segments are not known to be biological recognition sites for 
said first and second nonoligonucleotide molecules. SynUietic heteropolymers of the instant 
invention differ from tiie synthetic heteropolymers disclosed by Cubicciotti, U.S. 5,656,739 
in several respects, most importanUy in comprising defined sequence segments capable ot 
35 covalentiy binding to selected nonoligonucleotide molecules and groups of molecules as well 
as specifically and nwicovalently binding. 

Nucleotide sequences comprising synthetic heteropolymers may be produced, 
detected and/or characterized through use of amplification s>-stems well known in the art, 
including, but not limittxi to, polymerase chain reaction (PCR). ligase chain reaction (LCR), 
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Q-beia replicasc, self-sustained replication (3SR). transcription-based amplification system 
(TAS), repair chain reaction (RCR), cycling probe reacuon (CPR), ribonuclease H or 
reAMP methods. For amplification, defined sequence segments or selected nucleic acid 
sequences preferably comprise or adjoin at least one primer annealing sequence (e.g.. for 
5 3SR amplification and circular nucleotides) and optionally at least two primer-annealing 
sequences (e.g., for PGR amplification of nucleotides ha\ing at least mo termini). 
However, degenerate oligonucleotide priming may also be used to amplify a nucleic acid 
molecule of unknown sequence or a member of a mixture or librarj- comprising nucleic acids 
having unknown or randomized sequences. In a preferred aspect of the instant invention, 
10 synthetic heieropolymeis and methods of making, using, detecting or characterizing 
heteropolvmeric discrete structures described herein comprise not only defined sequence 
segments, but also nucleotide recognition sites, e.g., promoter and primer annealing 
sequences, and complementaiy sequences required or formed during amplification reactions. 
A selected molecule c«- selected nucleic acid sequence specifically bound or hybridized to a 
15 synthetic heteropolymer may be detected with high sensiti\it\- by amplifying the synthetic 
heteiopolymer or any sequence comprising the synthetic heteropolymer. preferably a defined 
sequence segment, provided specifically bound or hybridized s>-ntheiic heteropolymers can 
be distinguished from their unbound counterparts, e.g.. by physical separation or 
homogeneous detection means. 
20 Synthetic heteropolymers described herein and discrete strucnires comprising two 

or more sx-ntheuc heteropolymers are capable of noncovalently binding selected molecules or 
nucleic add sequences through- specific binding or hybridization at defined sequence 
segments. In addition, one tx more molecules or nucleic acid sequences, preferably selected 
molecules or selected nucleic acid sequences, may be covalenUy attached to one or more 
25 nucleotides or defined sequence segments of a sv-nthetic heteropolymer or multi\alent 
heteropolymeric hybrid structure, provided the ability of at least one defined sequence 
segment of a synthetic heteropolymer to specifically bind a nonoligonucieotide molecule is 
conferred not by the conjugated molecule itself, but by the synthetic heteropolymer or the 
three-dimensional stfucture of the conjugated synthetic heteropolymer. The specific binding 
30 property of a defined sequence segment of a synthetic heteropolymer is a propertj' of the 
defined sequence segment itself, optionally conjugated to another molecule or nucleic acid 
sequence, and is not intrinsic to the molecule or nucleic acid to which it may be conjugated. 
In other words, the ability of a defined sequence segment of a synthetic heteropolymer to 
specifically bind a nonoligonucieotide molecule is a property of the defined sequence 
35 segment, opuonally including modified, derivatized or conjugated nucleotides, and cannot 
be introduced simply by conjugating a ligand or a receptor to the synthetic heteropolymer or 
its constituent nucleotides. 

The SN-nthetic heteropohmers of the instant invention are not derived, selected or 
copied from wild-type biological nucleic acid molecules, sequences or groups of contiguous 
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sequences, nor are they derived, isolated, selected or copied from heretofore known 
mutants, geneuc variants or nucleic acid molecules or sequences therefrom. At least one 
defined sequence segment of each synthetic hetetopolymer or multivalent heteropdymeric 
hybrid structure of the mstant invention is not only capable of specifically binding a 
5 nonoligonucleotide molecule, but is also synthetic. When used to describe a defined 
sequence segment, synthetic means nonnatuially occurring, i.e., the defined sequence 
segment is not heretofore known to occur in naoire (sans human biotechnologic 
intervention) and is not heretofore known to be a biological recognition site. Biological 
recognition site means a first biological molecule or nucleic acid sequence that is heretofore 
10 known to specifically bind or recognize a second biological molecule or nucleic acid 
sequence. Unless otherwise specified, artificial and synthetic refer to willful products of 
human technology. Native, in nature, natural, naturally occurring, biological and organism, 
by contrast, refer to spontaneously occurring substances or beings that are not willful 
products of human-directed recombinant or mmsgenic technologies. In the case of hybrid 
15 plants and animals that have been identified and/or perpetuated b>' cross-breeding, selective 
breeding, cross-pollination, stem or limb grafting and the like, native, in nanire, naoiral, 
naturally occumng, biological and organism mean only heretofore known strains. Where the 
distinction benveen natural and synthetic is ambiguous, a heretofore known substance, 
being or strain shall be considered natural for purposes of this disclosure, and a heretofore 
20 unknown substance, being or strain shall be considered synthetic. 

A selected molecule or nucleic acid sequence which is specifically and 
noncovalenUv bound or hybridized to a defined sequence segment of a synthetic 
heteropolvmer can subsequentiy be permanenUy affixed to the synthetic heteropolymer by 
covaleni attachment using bifunctional or multifurictional crosslinking reagents well known 
25 in the art (e.g., Wong. S.S. (1991) Chemistry of Protein Conjugation and Crosslinking, 
CRC Press, Boca Raton). Alternatively, crosslinking reagents reactive toward functional 
groups present on selected molecules and not present on synthetic heteropolymer nucleotides 
can be used with appropriate spacer aims to selectively and covalently anach molecules 
specificallv bound to proximally spaced defined sequence segments without chemically 
30 modifying the synthetic heteropolymer. In this way, syntiietic heteropolymers can be used 
as templates to position molecules for reproducible and regiospecific attachment to one 
another. Selective modification and conjugation of selected molecules and positiomng 
templates can also be achieved enzymatically. e.g.. using well known biosyntiietic enzymes, 
ligases. and the like. It will therefore be apparent to one of skiU in tiie art that a defined 
35 sequent segment of a synthetic heteropolymer which is capable of specifically and 
noncovalenUv binding a selected molecule can also be used as a site of covalent attachment 
for tiie same selected molecule. Alternatively, selected molecules that are specifically and 
noncovalently bound to ddined sequence segments of a synthetic heteropolymer can 
subsequently be covalently attached to one anothn'. 
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In a iweferred aspect of the invention, bifunctional s\nthetic heteropolymers are 
used as templates to position selected molecules for covalent conjugation, optionally by 
regiospecific chemical modification and crosslinking techniques. Template-directed covalent 
conjugation of selected molecules, preferably site-specific conjugation of functionally 
5 coupled effeaor molecules, enables efficient transfer of energy, electrons and photons 
between donor and acceptor species, advantageously including resonance energy transfer, 
fluorescence energy transfer and direct electronic coupling. In another preferred 
embodiment, covalent crosslinkers, preferably heterobifunctional crosslinking reagents,. are 
used to stabiUze multimolecular devices by chemically attaching specifically bound ligands, 
10 receptors, structural molecules and effector molecules to nucleotides comprising defined 
sequence segments, preferably by site-directed chemical nuxiification. In still anothw 
preferred embodiment, selected molecules positioned by specific binding to a nucleotide 
template and optionally covalently attached eitiier to the template or to one another are used 
as print molecules (i.e., guests) for preparation of nonnucleotide templates (i.e., hosts) 
15 capable of specifically binding and assembling the guests, e.g.. using molecular imprinting 
methods known in art (e.g.. Vlatakis et al. ( 1993) Nature 361:645-641, Shea et al. ( 1993) J. 
Am. Chem. Soc. 775:3368-3369. Ramsttom etai. (1993)7. Org. Chem. 58:7562-7564). In 
this manner, the positioning capability of nucleotide-based templates described herein can be 
transposed into nonnucleotide materials (e.g., industrial polymers and plastics) with 
20 particular properties (e.g., thermal, optical, chemical and structural properties, availability, 
quality, reliability and cost) selected for compatibility with different commercial and 
industrial applications for which nucleotide polymers may not be ideally suited. In another 
preferred embodiment, libraries of nucleic acid libraries, preferably libraries of libraries 
comprising nucleic acid libraries, are screened and selected to identify, assemble (i.e., 
25 collect) and evolve a mapping libiaiy- from imprint libraries of nucleotides that specifically 
recognize members of a selected population of selected nonnucleotide molecules. The 
evolved librarj- comprises a diverse plurality of nucleic acids selected to map, transpose 
and/or image (i.e., imprint) the recognition properties of the selected population of selected 
nonnucleotide molecules into a corresponding mapping library. Advantageously, the diverse 
30 mapping Ubiary comprises nucleic adds which, unlike the selected population of selected 
nonnucleotide molecules, can be amplified, sequenced, quantitatively characterized, digitally 
represented and archived both as stored digital information and as a defined reagent library 
(e.g., analytical, diagnostic, jrognostic and monitoring use). 

Attachment <rf a first molecule or functional group to a second molecule or 
35 functional group. e.g., a nucleotide, a selected molecule, or a particular chemical group 
comprising a selected molecule or nucleotide may be site-specific, site-directed or 
regiospecific, for example, by derivatizing a particular portion of a selected molecule or 
nucleotide or by chemical, enzymatic or biological synthesis of a molecule. preferaWy a 
polymer, more preferably a heteropolymer and most preferably an oligonucleotide. 
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comprising a selected molecule, modincaiion. monomer or analog at a defined position. 
Site-specific, site-directed or regjospecific attachment or modification means preparation of a 
conjugate or derivatized molecule comprising a first molecule (e.g., a selected molecule or 
nucleotide) and a second species (e.g., a second molecule, a new chemical group. pluralit>^ 

5 of new chemical groups, or a soUd support) wherein the second species is- attached to the 
first molecule at chemically, functionally or topologically defined site(s). Site-spedfic and 
site-directed attachment typically involve attachment to a particular chemical moiety, such as 
a reactive group or site that specifically binds a Ugand or receptor (i.e.. an epitope), while 
regicspecific attachment typically related to the topological position of the attached species 

10 rather than on the particular chemical site. However, the art recognizes some overlap 

between these terms. 

Nucleotides described herein are replicatable and may exist in DNA, RNA and 
chimeric forms. Claimed nucleotide compositions and methods therefore include not only 
the described, preferred, selected or sense form of a specified nucleotide, but also any 
15 corresponding RNA or DNA or chimeric form and any corresponding sequence comprising 
backbone modifications, derivatized nucleotides or nucleotide analogs and any 
corresponding sequence further comprising one or more promoter or primer annealing 
sequences and any complementary sequence counterpart, e.g.. as may be required or formed 
during replication. Nucleotide sequences and self-assembling groups of nucleotide 
20 sequences may be produced by biological and synthetic nucleic acid production techniques, 
including, but not limited to. recombinant methods. enz>Tnatic methods and chemical 
metiiods. including automated nucleic acid svnthesis. Amplification methods including, 
without limiution, PGR, LCR. Q-beu replicase, 3SR, TAS, RCR, CPR, ribonudease H or 
reAMP methods may be used not only to synthesize or replicate, but also to detect, evaluate, 
25 characterize and sequence nucleotides described herein. In a preferred aspect of the 
invention, nucleotide-based compositions described and claimed herein comprise not only 
specified defined sequence segments required for specific binding and hybridization to 
selected molecules and nucleic acid sequences, but also effector recognition sues (e.g., 
promoter sequences) and/or annealing sequences (e.g., for PCR primers) for enzymatic 
30 modification, replication, amplification and/or detection of all or part of a constituent 
nucleotide. 

Discrete structures of the invention may be partially or fully replicatable, meaning 
that one or more nucleotide sequences comprising a discrete stmcture may be synthesized, 
replicated, detected or characterized using a nucleic acid amplification system to replicate 
35 and/or detect a defined sequence segment, a group of defined sequence segments or any 
portion thereof comprising suitable promoter and/or primer annealing sequences. 
Alternatively, degenerate oligonucleotide priming may be used to amplify nucleotides 
comprising randomized or undefirwd sequence segments. 



>tXX:iD: <WO 9960169A1J_> 



wo 99/60169 PCTAJS99/11215 

- 103 - 

Selected molecules or selected nucleic add sequences specifically bound or 
hybridized to nucleotides, modified nucleotides or nucleotide analogs comprising a discrete 
structure of the invention may optionally be covalenUy attached to one another or to one or 
more nucleotides comprising a defined sequence segment of the discrete structure, e.g., 
5 using heterobifunctional crosslinking reagents and/or UV inadiation, lo create a relatively 
stable, nondissociable and/or permanent discrete stmcture. Covalent attachment to a defined 
sequence segment comprising a discrete structure is preferably directed to a functional group 
comprising only one particular nucleoude, modified nucleotide, nucleotide position, 
nucleotide analog, type of nucleoude or group of nucleotides. Covalent attachment to a 
10 selected molecule, selected nucleic acid sequence or conjugate comprising multiple 
functional groups and/or multiple tvpes of functional groups (e.g., a nttacromolecule, 
polymer or conjugate such as a protein or protein-ligand conjugate) may advantageously be 
directed to a single functional group, pair or group of functional groups that is uniquely 
represented, uniquely available or selectively accessible or addressable (e.g., for 
15 topological, positional, steric, electfostatic. kinetic or conformational reasons) in the selected 
molecule, selected nucleic acid sequence or conjugate. Alternatively, regiospecific covalent 
attachment of nucleotides to noncovalenUy bound molecules comprising multiple functional 
groups and/or multiple t\'pes of functional groups may be achieved without suingent 
chemical selecUN-ity by adjusting reaction conditions (e.g.. crosslinker selection, incubation 
20 time, temperanire, pH and buffer conditions, reagent concentrations, photoactivation 
options) to favor proximity-driven bonding between closest-approach reactive functional 
groups on the docking surfaces of the noncovalenUy bound molecules (e.g., tiie surface of a 
macromolecular selected molecule specifically bound to the surface of a defined sequence 
segment). In a preferred mode of operation, covalent attachment of nucleotides or selected 
25 molecules comprising a discrete structure is accomplished by selectiNe modification of 
particular or unique functional groups on the nucleotide(s) and/or selected molecules to be 
covalentiy conjugated or by related site-directed or site-specific covalent modification 
methods known in the art, including enzymatic meUiods (e.g., Fisch et al. (1992) 
Bioconjugaxe Chemistry J; 147-153; Gaertner et al. (1992) Bioconjugate Chemistry 3:262- 
30 268; Offord ( 1990) In: Protein Design and Development of New Therapeutics and Vaccines 
(Eds. J.B. Hook and G. Paste), New York: Plenum, pp. 252-282). 

Aptamers are single-stranded, partially double-stranded or double-su^ded 
nucleotide sequences capable of specifically recognizing a selected nonoligonucleotide 
molecule or group of molecules by mechanisms other than Watson-Crick base pairing or 
35 triplex formation. The molecule or group of molecules specifically recognized by an aptamer 
is referred to herein as the aptamer target, aptamer receptor, or aptamer binding partner. 
Synthetic aptamers are defined sequence segments or conjugated defined sequence segments 
not heretofore known to occur in nature and function as biological recognition sites which 
are capable of specifically binding a nonoligonucleotide molecule or group of molecules. 
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Aptamer conjugates are conjugates comprising an aptamer and a second molecule 
and includes aptamers comprising nonnucleotide molecules or moieties introduced during as 
well as after nucleoude synthesis, e.g., by incorporation of derivatized nucleotides or 
nucleoside triphosphates, labeled nucleotides, biounylated nucleotides, nucleotide ligands, 
5 nucleotide receptors, conjugated nucleotides, nucleotides derivatized with nomiucleoude 
ligands or receptois. nomiucleotide molecules and the like. An aptamer conjugate is referred 
to herein as a sv-nthetic aptamer if the conjugate is not heretofore known to occur in nature, 
regardless of the nucleoude sequence comprising the aptamer. 

Discrete aptameric structures are capable of pro^ iding functional coupling between 
10 a selected molecule which is not an aptamer target, preferably a Hgand or a receptor or a 
molecule conjugated to a ligand or receptor, and a selected molecule which is an aptamer 
target, preferably an effector molecule and more preferably a signal-generating species or a 
drug. Aptameric devices of the instant invention include multimdecular switches, 
muliimolecular transducers, multimolecular sensors and multimolecular delivers- systems 
15 comprising SNTitheiic aptamers or aptamer ctMijugates. 

Nonaptameric multimolecular devices include nonnucleotide multimolecular 
devices and nucleotide-based multimolecular devices lacking a sequence known to be an 
aptamer. 

Tethered specific recognition devices are stimulus-responsive multimolecular 
' 20 structures comprising a molecular scaffold and at least two members of a specific binding or 
shape recoenition pair or four members of two different specific recognition pairs, each 
member being covalently or pseudoirreversibly attached to the molecular scaffold. Different 
specific recognition pairs means at least two specific recognition pairs whose four members 
comprise at least three differem chemical identities. Nonaptameric, nucleotide-based 
25 multimolecular devices comprise at least either two specific binding or shape-specific 
recognition partners tetiiered to the molecular scaffold of a tetiiered specific recograuon 
device or two conjugated specific binding or shape-specific recognition pairs brought 
together within a single multimolecular structure in a spatially controlled manner by site- 
specific or position-directed attachment to a sequence of nucleotides. 
30 Nucleotide-based devices of the instant invention can be used to position even 

multiple specific binding paiis with virtually indistinguishable specificities. For example, a 
receptor-first effector molecule conjugate can be specifically bound to a ligand-modified 
nucleotide at a first sequence position (e.g., a defined nucleotide position toward the 3' end 
of a sequence) during solid phase synthesis of a defined sequence segment Unbound 
35 receptor-first effector molecule conjugate is then removed prior to continuing nucleotide 
synthesis in the 3' to 5 direction. A receptor-second effector molecule conjugate can then be 
specifically bound to a ligand-modified nucleotide at a second position (e.g., toward or at 
the 5- end). In this mamier, different specific binding pairs witii simitar or identical 
specificities can be positioned along a defined sequence segment during syndiesis. 
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Similarlv. a first ligand^onjugated defined sequence segment specifically bound via its 
ligand to a first molecular effector-receptor conjugate (e.g., defined sequence segment- 
biotin/avidin-peroxidase) can be ligated to a second ligand-conjugated defined sequence 
segment specifically bound via its ligand to a second molecular effector-receptor conjugate 
5 (e.g., defined seqilence segment-biotin/avidin-glucose oxidase). In this case, controlled 
positioning of the two different, albeit closely related, specific binding pairs relies on the 
specificity provided by enzymatic ligauon of two conjugated defined sequence segments. 
Another way to position two different specific binding, pairs having indistinguishable 
specificities is to hybridize the two specific binding pair-defined sequence segmem 
10 conjugates to a common linker oligonucleotide, thereby forming a discrete structure with 
nucleotide-ordered specific binding pairs. 

In a preferred aspect of the instant invenuon, at least one nucleotide comprising a 
defined sequence segment is a modified nucleotide or nucleotide analog selected, preferably 
bv combinatorial selection and/or high-throughput screening of a diverse librar> comprising 
15 modified nucleoudes or nucleotide analogs, for the ability to specifically bind a selected 
molecule, e.g., a ligand, effector or receptor molecule. In this way. a specific binding 
parmer, i.e., a modified nucleotide comprising a ligand or receptor, can be conjugated in a 
positionallv defined manner to a defined sequence segmem by chemically or enzymatically 
svnthesizing the defined sequence segment and including the modified nucleotide or 
20 nucleotide analog at a defined position. Also, specific binding or shape recognition pairs can 
be conjugated to defined positions of a defined sequence segment by producing and/or 
ligating the defined sequence segmem with modified nucleotides or nucleotide analogs 
comprising ligands or r«xptors, optionally modified nucleotides or nucleotide analogs 
identified by screening and/or selection of a diverse mixnire or combinatorial library for 
25 candidates cipable of specifically binding a selected molecule, preferably a ligand. receptor, 
. or effeaor molecule. Inclusion of modified nucleoudes or nucleotide analogs compnsing 
selected molecules, e.g., ligands and receptors, in defined sequence segments provides a 
conveniem method for conjugating ligands, receptors and specific binding or shape 
recognition pairs to nucleotide-based devices. 
30 Nucieoude ligand and nucleotide receptor refer to molecules or functional groups 

comprising or attaching to derivatized nucleotides, nucieoude analogs, nucleotide-encoded 
chemicals and nucleotide-encoded chemical, shape and sequence libraries. Selection of a 
nucieoude ligand, nucleotide i«»ptor, or a pair or group of nucleotide ligands and/or 
nucleotide leceptors comprising a single nucleic acid molecule or a plurality of nucleic add 
35 molecules is preferably achieved by screening or selection of a mixture of syntheuc 
nucleotides, preferably a diverse library of chemically derivatized nucleotides, more 
preferably a diverse libran,^ of nucleic acid molecules comprising fixed or partially 
randomized sequences having at least one derivauzed nucleotide per nucleic acid molecule 
and advantageously having at least two derivatized nucleoudes per nucleic acid molecule. 
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more preferablv a nucleotide-enccxied chemical librar>-. Selection is preferably achieved by 
screening and election of a libran^ of diverse libraries, each diverse library diversified with 
respect to a different sequence, shape, chemical parameter so as to explore different regions 
(e.g., of chemical space) or dimensions (i.e.. of diversity space) of chemical, shape or 

5 sequence space. Selection of templates for multimolecular devices and tethered recognition 
devices of the instant invention is optionally achieved b>- exploring positional space, i.e.. by 
screening and selection of nucleotide libraries, advantageously nucleotide-encoded chemical 
libraries, comprising at least two preselected defined sequence segments, nucleotide ligands 
and/or nucleotide receptors, wherein the library is randomized with respect to the positions 

10 of pairs or groups of preselected defined sequence segments, nucleotide ligands and/or 
nucleoude receptors comprising member nucleic acids of the library. Libraries may be 
diversified in chemical space by derivaUzation at usefull> modifiable positions of naturally 
occurring nucleotides and at novel sites comprising synthetic nucleotide analogs (i.e., novel 
bases). 

15 A nucleotide ligand or nucleotide receptor may be selected to specifically bind an 

identified molecule comprising a ligand, receptor, structural molecule or a molecular 
effector. Where the identified molecule is a receptor, the selected specific binding partner is 
typicallv referred to herein as a nucleotide ligand. Where the identified molecule is a ligand, 
the selel:ted specific binding partner is typicaUy referred to herein as a nucleoude receptor. In 
20 preferred embodiments of the instant invention, paired specific recognition devices and 
tethered specific recognition devices comprise at least mo specific recognition pairs, 
optionally at least two specific binding or shape recognition pairs (e.g., two ligand-receptor 
pairs), within a single multimolecular strucwrc or multimolecular de\ ice. A nucleotide ligand 
comprising a first specific binding pair (i.e., a nucleotide ligand and its receptor) may also 
25 be a receptor comprising a second specific binding pair (i.e.. an (aptamer) ligand and a 
(nucleic acid ligand) receptor). Similarly, a nucleotide receptor may also be a ligand. The 
distinction between nucleotide ligands and nucleotide receptors is Uierefore not 
compositional, but contexnial, discretionary and optionally arbitrary . 

Selection of nucleotide ligands and nucleotide receptors, e.g., by combinatorial 
30 synthesis and selection of a diverse librarv^ comprising derivatized nucleotides and/or 
diriN-atized nucleotide analogs, enables assembly of multimolecular devices with heretofore 
unknown specific recognition properties. In a particularly preferred embodiment, selected 
nucleotides with designer specificities (i.e., nucleotide ligands and nucleotide receptors) are 
incorporated into multimolecular drug delivery systems, multimolecular transducers, and 
35 multimolecular switches, particularly multimolecular sensors for detecting and characterizing 
heretofore unknown receptors and ligands, e.g.. plant, animal, microbial and viral receptors 
discovered through genomic and proteomic research and corresponding newly discovered 
ligands, as well as multimolecular sensors for detecting and monitoring, e.g., hazardous 
waste, environmental pollutants, chemical and biological weaponry, agricultural diseases. 
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pests and pesticides, food, chemical and biological contamination, analues for monitoring 
industrial, chemical and food production and processing, and the like. In another preferred 
mode of operation, selected nucleotide ligands and nucleotide receptors comprising defined 
sequence segments are used to specifically recognize and assemble selected molecules and 
5 conjugated defined sequence segments into useful muliimolecular de\ices, particulariy 
multimolecular transducers, multimolecular switches and muliimolecular sensors for 
industrial production, processing and lesUng, particularly for microelectronic and 
microfabncaied devices, microeleciromechanical systems and submicron-scale products and 
systems requiring nanofabrication and. preferably, molecular-scale manufacturing. 
10 Sequences ol nucleotides described herein, i.e.. defined sequence segments 

comprising nucleotides, can also be selected for the abilitx to specifically bind selected 
nonoligonucleoude moleculfes not heretofore known to specifically bind the selected defined 
sequence segments. Defined sequence segments capable of specificall> binding selected 
molecules, preferably ligands. receptors, suiictural molecules and effector molecules, are 
15 particularly useful and necessary constituents of aptameric and heteropolymeric 
multimolecular devices of the instant invention. Particularh preferred constiments of such 
devices are defined sequence segments capable of specificalh binding effector molecules, 
particularly drugs and signal-generating species and more particularly drugs and signal- 
generaung species not heretofore known to specifically bind nucleotides, thereby enabling 
20 nucleotide-based lecognition and molecular positioning, preferably within functi<Mial 
coupling distance, of useful effector molecules, preferably pairs or groups of effector 
molecules that function cooperatively or cdlectively when brought into close spatial 
proximity, and optionally effector molecules in comlrination with other types of selected 
molecules (e.g., ligands. receptors or structural molecules). Of particular importance is the 
25 abilit\- to select defined sequence segments comprising aptameric and heteropolymeric 
devices for the abilit>- to specifically bind identified molecules, preferably effector molecules 
and mote preferably signal-generating species, that ha\e no heretofore known specific 
binding partners, thereby transposing said idenUfied molecules into ligands or receptors. A 
particulariy preferred method for selecting defined sequence segments for the ability to 
30 specifically bind identified mtrfecules relies upon the selection critericm that a nucleic, acid 
mdecule from a diveise mixmre comprising nudeic acids be capable of attaching two 
identified molecules comprising or attaching signal-generating species so as to render the 
two attached identified molecules detectable, preferably as a result of position-dependent 
functional coupling between two signal-generating species. Alternatively important is the 
35 selection of nucleotide ligands and nucleotide receptors, i.e., chemically derivatized 
nucleotides and nucleotide analogs capable of specifically binding identified molecules, 
particularly effector molecules and more particularly drugs and signal-generating species, 
thereby transposing the identified molecules into ligands and receptors. S<;lection of such 
heretofore unknown nucleotide ligands and nucleotide receptors enables nudeotide-directed 
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positioning of limiUess combinaiions of ligands. receptors and specifically bindable effector 
funcuons within useful MOLECULAR MACHINES. 

Defined sequence segments of the invention are imprintable, e.g., using a paired 
nucleotide-nonnudeotide libran', i.e., an imprint library. Imprinting enables the 

5 transposition of a nudeoude-based defined sequence segment into an imprinted segment 
whose composition is dictated by the molecular medium of the imprint librar\. The 
compositional diversitv- of an imprinted segmem approaches the knowable limits of 
molecular sequence and shape space, limited only by the diN ersity of the set of all molecular 
libraries that can be functionally coupled to a nucleic add libraiy, a modified nucleotide 

10 library or. more generally, a nucleotide libnuy. 

The basic assembly units for MOLECULAR .MACHINES are imprintable 
precursor or parent molecules or segments (i.e., plastic segments), optionally multivalent 
segments and/or multisegment segments comprising multivalent plastic templates, 
originating from a replicatable parent nudeotide sequence, wherein the lineage from parent 

15 to progeny is nonbiological, i.e., does not comprise a natural hereditan mechanism 
involving genetic rci^ication, transcription and expression of heretofore known nucldc acid 
sequences. 

Parent and progeny plastic segments and templates may comprise any combinauon 
of nucleotides and/or nonnucleotides attached by any known or knowable method, covaleni 
20 or noncovalent. specific or nonspedfic, ionic or nonionic, reversible or pseudoirreversible 
or irreversible, including binding, bonding, association, ionization, intercalation, 
coordination, hydrophobic interactions, chelation, incorporaticm by genetic, recombinant, 
transgenic, chemical, enzymatic and physical methods, e.g., nanomechanical synthesis and 
manipulation, without limitaticxi. 
25 Plastic segments comprising MOLECULAR MACHINES of the invention, 

preferably plastic segments identified by screening and selection of polydi\erse libraries 
comprising nucldc adds, nucleotide and nudeotide-encoded nonnucleotide molecules, are 
capable of all forms of molecular and catalstic recognition between nucleotide and 
nonnudeotide molecules, induding specific binding, hybridization, structural shape 
30 recognition and catalytic recognition. Also, as will become apparent on reading this 
disdosure, the recognition properties of strucwral shapes and surface features comprising 
substrates, soiictures and materials can be transposed into plastic segments and templates ot 
the instant in%ention, erasing die definitional boundar>' benveen spedfic surface aiU3ctivit> 
and molecular shape-based recognition. Plastic segments and templates Uius comprise a 
35 universally plastic molecular smicnire-activity-surface medium capable of all types of 
surface attiactivitv' and recognition. The ability to design, sdect. shape, engineer and 
advantageously evolve nudeoplastic segments and templates to encompass any an all 
selected recognition functions provides the basis for powerful and uniwrsal molecular 
attractors capable of assembling limiUess forms and funcuons for devdopment 
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MOLECULAR N4ACHINES disclosed herein. The complementar>- Enabler is the Universe 
of useful molecules from which to identify and assemble cooperative consortia of 
functionally coupled selected molecules, i.e., ligands, receptors, structural molecules and 
effector molecules. Not only does the Universe of w illfully known selectable molecules 
5 (i.e., selected molecules prior to selection) proxide a di\erse, multimedia paleiie for 
expression of bimolecular and multimolecular synergies by molecular attractors (i.e., plastic 
templates), this same abundant toolkit of selectable molecules pro\ ides a feedstock stream of 
molecular structures and activities capable ol" being cast and recast through a nucleotide 
librar> amplifier. The molecular siructure-activitv' space of the feedstock stream can be 
10 expanded, projected, reflected, distorted, permuted and projected into heretofore unknown 
regions of dix ersity space. 

At least two compositional dimensions of plastic segments and templates 
compiising MOLECULAR MACHINES distinguishes them from all art-known substances, 
and the practical, commercial ramifications are heretofore unimaginable. First is the 
15 heretofoi« unexplored positional diversity addressable b> simultaneous or sequential 
covalent, noncox alent, specific, nonspecific, pseudoirrex ersiWe, reversible, small and large 
molecule modification and conjugation of molecules, sequences, polvmers and templates at a 
plurality of sites or positions, (i.e., the realm of proximity space). Second is the plasticity of 
the instant plastic segments, i.e., plastic nucleoprobes or nucleoplastic probes. 
2 0 Proximity space and functional coupling space refer to the structural and functional 

correlates of positional space. Positional space in practice, as embodied herein, means the 
intersection between the proximity space of a nucleoplastic librars- of plastic nucleoprobes 
with the informational space comprehended by a massixely parallel informational search 
engine. In other words, functional coupling of the nucleoplastic molecular diveisit> 
25 generator with a suitably (parallel)N, fast and computationally intelligent search engine 
defines the field of positional space practically accessible to the willful artisan, preferabl> 
aided by automation, x ariation and selection of processing modalities and library -search 
engine feedback s>'stems and ex olution. Computational intelligence depends in large pan on 
the sensitivity and specificity- of the interrogation process, e.g.. the human-machine 
30 interlace. Advantageously, machine, generator and machine-generator e\ olution are possible 
and likely. Automation-enhanced variation and selection of search parameters, hypotheses, 
and library expression by the molecular diversity^ generator and search engine oscillating in 
paired and functionally coupled closed-loop feedback cycles provide the potential for 
divergent and self-sustained exploration of diversity planes included but not limited to 
35 positional space. Positional space as defined by the actualizable intersection between libran - 
generated molecular space and machine-palpable informational space will depend in large 
part on the ultimate director. At issue is whether the functionally coupled 
(molecular/machine) diversity search will be nucleoplastic library-directed, search engine- 
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directed, w illfully directed, or some combination thereof. Or none of the above. E.\ploration 
is optionally guided by artificial intelligence and/or willful direction. 

The multidimensional diversity in structure-activitx -shape space of the instant 
polydiverse nucleotide libraries distinguishes them from prior art nucleic add libraries 
5 diversified only in sequence and/or nucleotide chemistr\% e,g., for selection of aptamers, 
ribozymes or chemically modified nucleotides. Enhanced riboz\me activity has been 
demonsu^ed using a contiguous allosteric deoxynucleotide sequence and by 2'-0- 
methylation (Goodchild (1992) Nucleic Acids Research 70:4607-4612). A ribozyme-based 
diagnostic method capable of detecting nonoligonucleotide anal\'tes has also been described 
10 (Bockman ei al. (1993) International Conference on Nucleic Acid Medical Apphcations, 
Cancun, Mexico, January 26-30), impKing use of a riboz\Tne with both catalytic and 
specific binding properties. An allosteric molecular switch comfMising internally 
hybridizable switch sequences and a DNA-binding biological recognition site has also been 
described (i.e., Lizardi et al., U.S. 5,118,801). However, the prior art does not provide 
15 access to the diversity space encompassed by MOLECULAR MACHINES comprising 
defined sequence segments, plastic segments, synthetic templates and/or molecular scaffolds 
of the instant invention. 

A surprisingly enabling inventive step of the instant disclosure which is lacking in 
the prior art is the diversity space encompassed by defined sequence segments comprising 
20 MOLECULAR MACHINES. Particulariy and advantageously, defined sequence segments 
and combinations of defined sequence segments comprising different embodiments of 
MOLECULAR MACHINES and paired MOLECULAR MACHINES include nucleotide 
ligands, nucleotide receptors, nucleotide catalysts, apiamers, and conjugated nucleotides 
comprising ligands, receptors, effector molecules and structural molecules. Defined 
25 sequence segments comprising these multidimensional functionalities, as well as ribozymes, 
catalytic nucleic acids and synthetic oligonucleotides know n in the art, can be selected with 
single-molecule resolution by methods described herein. The instant single-molecule 
detection, amplification and sequencing methods are enabling for isolation and functional 
characterization of individual short, single-stranded or double-siranded, ribonucleotide, 
30 deoxyribonucleotide or chimeric, modified or unmodified, randomized or encoding (i.e., 
informational), conjugated or hybridized nucleotides or any combination thereof, e.g., a 
ribpzyme functionally coiipled to an aptamer-bound enzyme. 

Importantly, the functional coupling between at least two defined sequence 
segments, selected nucleic acid sequences and/or selected molecules of the invention is best 
35 achieved b\* imaging and quantifying funclicMial activity at the single-molecule level, i.e., by 
measuring catalysis, fiuorescence, luminescence or electron transfer within or between 
single molecules or multimolecular structures. More particularly, and heretofore unknown in 
the art, are strucniral shape recognition probes comprising defined sequence segments 
selected for the ability to recognize surface features comprising chemically homogeneous 
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and doped structural surfaces, e.g., carbon, silicon, gallium arsenide, plastics, glasses, 
polvmers, semiconductors and synthetic semiconductors, metals and synthetic (i.e., 
organic) metals, insulators, Mott insulators, buckvballs, carbon nanotubes, carbon nanorods 
and emerging nonbiomimetic mimics of organic and inorganic surfaces. This ability of the 
5 defined sequence segments of the present invention enables grafting, templating and 
imprinting of heretofore chemically bland surfaces. Furthermore, plastic imprints (e.g., 
nonnucleoude molecules, monomers and polymers, including nucleotide-encoded 
nonnucleotides) and the progeny of paired nucleoiide-nonnucleotide librarv e\ oluiion (i.e., 
(libraries)N), enable the transposition of 1) nucleotide recognition properties into 
10 nonnucleoiide recognition elements and 2) structural shapes (i.e., suri*ace features) into 
molecular shapes. In mm, surface features (e.g., nanofabricated and micromachines 
features) can be identified by screening and selection of materials and patterning methods 
yielding structures polydi\ ersified in surface attractivitv . The implications of this heretcrfore 
unrecognized potential to exploit the interplay between molecular di\ ersit> and subdural 
15 shape diversity, i.e., the mutually synergistic plasticities of chemically bland, structurally 
diverse surfaces (e.g., designed, selected or engineered surface features) and chemically 
diverse, structurally autonomous molecules are wondrously enabling for a daunting array of 
practical, commercially valuable applications. For example, the long-anticipated and 
heretofore unreconcilable marriage between biological/biomimetic effectors (renowned for 
20 diversii\' in su^cture-activity-shape space), and inorganic substrates, (renowned for surface 
uniformitx, semiconductivit\', suiiciural integrit\' and atomistically precise sculptability, i.e., 
chemical blandness) can finally be envisioned as a harmonious coselection of specific 
surface atuactivity against molecular specificit\ . The virtually limitless plasticity of chemical, 
sequence and shape space represented by defined sequence segments comprising defined 
25 sequence segments, plastic segments, templates and molecular seal folds enables systematic, 
nucleotide-programmable and nucleolibrarv -directed, willfully automated and superMsed 
selection of novel biomimetic imprints of industrial surfaces, e.g., silicon chips, CDs and 
DVDs. Con\ ersely and heretofore unknown in the art; industrial surfaces can be plasticized 
(e.g., diversified in structural shape space) to accommodate the specific atU3ciivit\- 
30 preferences of a selected plastic, biomimetic matnx, e.g., a synthetic polymer, preferably a 
durable, scalable, fa-ocess-friendly and inexpensive polymer, more preferably a polymer 
capable of self-assembling on the industrial surface, advantageously a sman polymer doped, 
supplemented or blended with a self-replicating, self-assembling MOLECULAR 
MACHINE. 

35 Defined sequence segments comprising synthetic heteropolymers, multi molecular 

devices, discrete structures and nucleotide-based molecular scaffolds of the invention 
include replicatable nucleotides, meaning that all or part of one or more defined sequence 
segments can be synthesized or detected using amplification systems well known in the an. 
PCR, LCR, Q-beta replicase, 3SR, TAS. RCR, CPR, ribonuclease H or i-eAMP methods. 
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for example, may be used to detect or amplify a defined sequence segment, a group of 
defined sequence segments or any ponion thereof comprising suitable promoter and/or 
primer annealing sequences. A randomized nucleotide sequence is not a defined sequence 
segment unless and until it is identified as a recognition partner of a selected target, 
5 whereupon characterization and/or sequencing is imminent Defined sequence segments 
capable of specifically binding identified or selected molecules are aptamers. Defined 
sequence segments and selected nucleic acid sequences of the instant invention may be 
labeled or modified at defined positions by methods well known in the an as site-specific, 
site-directed and regiospecific attachment, conjugation and modification, including synthesis 
10 of oligonucleotides with modified nucleotides, conjugated nucleotides, nucleotide analogs 
and spacer modifiers at user-specified positions. Uniformly or arbitrarily labeled or modified 
nucleotides are not considered herein to be labeled or modified at defined positions. 

A defined sequence segment comprising a first MOLECULAR MACHINE ma\ 
hybridize or specifically bind to a selected nucleic, acid sequence or selected molecule 
15 comprising a second MOLECULAR MACHINE, thereby attaching the two MOLECULAR 
MACHINES. The resulting product, which may be referred to as a single MOLECULAR 
MACHINE or a pair of MOLECULAR MACHINES, may attach to other MOLECULAR 
MACHINES by methods described herein, including specific binding, hybridization, site- 
diiected co\-alent attachment, pseudoineversible attachment and the like. 
20 Mimetic mulumolecular suucmres and multimolecular devices of the instant 

invention may be designed and prepared using nucleolibrary-directed products and 
processes to create mimetic, imprinted, transposed, transcribed, replicated and 
complemeniar> segments, templates, multimolecular structures and multimolecular devices, 
i.e., nucleoiide-based and nonnucleoiide replicates, clones, mimetics, imprints, conjugates 
25 and progeny of defined sequence segments comprising parent mulumolecular strucnires. 
Replicates, imprints and mimetics may be prepared with var>ing degrees of fidelity ranging 
from idenucal or approximately identical clones to arbitiar\-. randomized, combinatorial 
and/or willfully evolved or directed variants and/or mutants. 

Quasirev ereibility refers to specific recognition that can be dissociated, displaced or 
30 reversed under certain conditions of use, whereas pseudoirTeversibilit>- refers to a binding 
event or bond, association, complex or specific recogniuon pair comprising a molecule that 
cannot be dissociated, displaced, separated, re\ ersed or detached under normal conditions of 
use and which specific recognition pair complex is not formed during operation, as distinct 
from manufacture, of a multimolecular device. For purposes of the present invention, 
3 5 noncovalent, pseudoineversible attachment of a selected molecule to a multimolecular device 
is functionally equivalent to covalent attachment in terms of the stabilitv- and permanence of 
attachment, so long as the pseudoineversiWy attached molecule is attached during 
multimolecular de^•ice manufacuire and remains inseparable during device -operation. An 
unconjugated oligonucleotide hybridized to a defined sequence segment of a multimolecular 
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device is said to be hybridized, ncH pseudoimeversibly attached, regardless of the melting 
temperature of the hybridized duplex. Pseudoirreversible attachment of selected molecules 
may be achieved by a number of methods well known in the art, preferably by a\ idin/biotin 
or streptavidin/biotin conjugation or by hybridization of selected nucleic acid sequences 
5 and/or defined sequence segments having a high degree of complemeniarit\ , but also by 
methods including, without limitation, ionic bonding, suri'ace adsorption, intercalation, 
triplex formation, chelation, coordination, hydrophobic binding and high-affinity specific 
binding, optionally followed by UV irradiation or treatment with a noncovaleni stabilizer, 
co\ aleni crosslinker and/or photoacuvatable reagent. Noncovalent site-specific conjugation 
10 ol a selected molecule to a multimolecular smicuire may be achieved by pseudoirreversible 
attachment, preferably by hybridization of an oligonucleotide conjugate to a defined 
sequence segment or by specific binding of an a\'idin or streptavidin conjugate to a 
biotinylaied molecule or defined sequence segment. A member of a specific recognition pair 
that specifically binds or hybridizes during multimolecular device operation is not considered 
15 pseudoirreNersibly attached, even if (as may be the case w ith a conjugated specific binding 
pair) the member is required for device function. A selected nucleic acid target detected by a 
multimolecular sensor, for example, is considered hybridized and not pseudoirre\ersibly 
attached to the multimolecular sensor. 

When used in reference to a multimolecular de\'ice, conjugated specific binding or 
20 shape recognition pair and specific binding or shape recognition pair conjugate mean that 
operation of the multimolecular device requires the presence of both members of the specific 
binding or shape recognition pair or, in the case of certain analyte-dependent sensors or 
target-dependent molecular deliverv' systems, that the dc\ ice does not respond to a stimulus 
or deliver its payload until both members of the specific binding or shape recognition pair 
25 are present. In either case, a multimolecular device is said to comprise a specific binding or 
shape recognition pair if and only if a useful function is performed b\- the de\ ice when both 
members of the specific binding or shape recognition pair are present and axailable for 
specific binding. Hybridized nucleic acid sequences are not considered to be conjugated to 
one another, nor is a nucleic acid target considered to be conjugated or pseudoirreversibly 
30 attached to a nucleic acid probe. However, a selected molecule may be conjugated or 
pseudoirre\ersibly attached to a defined sequence segment by conjugation of the selected 
molecule to an oligonucleotide and hybridization of the selected molecule-oligonucleotide 
conjugate to the defined sequence segment. 

A selected nucleic acid sequence may be used to pseudoirreversibly attach a 
35 selected molecule to a defined sequence segment or a multimolecular dexice by first 
conjugating the selected molecule to the selected nucleic acid sequence (i.e., an 
oligonucleotide) and then hybridizing the selected molecule-oligonucleotide conjugate to the 
defined sequence segment. 
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Selected molecules, identified molecules, selected nonoHgonucleotide molecules 
and identified nonoHgonucleotide molecules may be identified from natural or synthetic 
sources, particularly by screening and selection of a librar\* comprising namral or synthetic 
molecules. A selected molecule comprising a first MOLECULAR N4ACHINE may 
5 specifically recognize a selected molecule or selected nucleic acid sequence comprising a 
second MOLECULAR MACHINE, thereby attaching the two MOLECULAR MACHINES. 
The attached MOLECULAR MACHINES, which may be referred to as a single 
MOLECULAR MACHINE or a pair of MOLECULAR MACHINES, may further attach lo 
other MOLECULAR MACHINES, e.g., by specific binding, hybridization, site-directed 
10 covalent attachment, pseudoiireversible attachment, lo form pairs or groups of 
MOLECULAR MACHINES and optionally pairs or groups therefrom. 

Librarv-seiected molecules of the invention are heretofore unknown molecules 
identified by screening and/or selection of nucleotide and nonnucleoode libraries, including 
nucleic acid libraries, nucleotide libraries and nucleotide-encoded chemical libraries. 
15 Heretofore known selected molecules, by con&ast, are ihemsehes used as targets for 
screening and selection of nucleotides comprising aptamers. nucleotide ligands, nucleotide 
receptors, nucleotide catalysis, catalytic nucleotides and suiictural shape recognition probes. 
Once a library-selected molecule is identified and therefore becomes known, it may, in turn, 
be used as a selected target molecule for screening and selection of a nucleic acid library or 
20 nucleotide-encoded chemical library to identify heretofore unknoun apiamers, nucleotide 
ligands, nucleotide receptors, nucleotide catalysts, catalytic nucleotides and structural shape- 
recognition probes. 

This iterative and advantageously automatable process, i.e., iteratively selecting 
first a heretofore unknown probe for an identified target and second, the probe being 

25 identified, a heretofore unknown recognition parmer (i.e.. an imprint) for the librar\- 
selected probe, is both divergent and self-sustaining. By iierativeh selecting librar> -selected 
product(s) of a first evolutionary- selection process as target(s) for a second evolutionar> 
selection process, the ensuing self-sustained cycling enables systematic evolution of the 
evolutionan- process into heretofore unavailable regions of shape space. The cycle is 

30 divergent in exploring both nucleotide and nonnucleotide shape space with positi\e 
feedback, uanscending the chemical and sequence bias of an\ single imprint medium. This 
cyclic process enables identification of limitiess no\el, useful and heretofore unknown 
molecules comprising nucleotides, nonnucleotides and hybrid and chimeric combinations 
thereof. Each generation of precursor molecule (i.e., known, selected target) and product 

35 molecule (i.e., libraiy-selected probe) is either itself replicatable, advantageously self- 
replicatable, or it is imprintable into replicatable partner (i.e., imprint or probe). In each 
generation of the cycle, new levels of diversity can be intfoduced by arbitrary , rational, 
randomized and/or combinatorial chemical, enzymatic and/or genetic methods, including, 
e.g., unfaithful replication. 
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The surprising result lhat emerges with the abilit\- to transpose a selected 
nonnucleoUde target (i.e., precursor) into a libiar> -selected nudeoUde imprint (i.e., product) 
is that a nret libran can be coupled to second librar>. much as a donor effector species can 
be functionally coupled to an acceptor species. By selecting a population of selected 
5 molecules {e.g.. immunoglobulins of selected type or antibodies of selected specificity), it 
becomes possible through iterative screening and selecUon of a population of imprintable 
nucleotide and nucleotide-encoded libraries to evolve a mapping libran- compnsmg a set of 
nucleotide ligands, nucleotide receptors and apiamers, including shape-specific recognition 
partners, that correspond in molecular shape space (i.e., specific recognition di\ersity space) 
10 to an imprinted librarv of a selected populauon of nonnucleoiide molecules, i.e., a receptive 
audience. In other words, screening and selection of Nasily di\erse libraries of diverse 
nucleotide and nucleotide-encoded libraries, enables selection, collection, and continued 
evolution of a recepti\ e audience comprising the set of molecular and structural shape probes 
that recognize members of the selected population. 
15 Evolution of a useful mapping library requires a ^ asUy higher order of diversity of 

the collective imprint libraries (i.e.. (probing libraries)^) oNer the selected population of 
selected molecules (i.e.. (selected targets)xN or selected population). This balancing of 
(probing librarv)N diversity (i.e., probing plasticity) against (selected largets)xN) diversm 
is achieved simply, in principle, by 1) maximizing probing plasticity (e.g., by chemical, 
20 sequence and positional diversity and by self-sustained amplification with varying fidelity), 
and 2) minimizing the molecular and population diversity of the selected population (e.g., by 
limiting the population, optionally by willful selecuon. fractionauon and/or purification), and 
3) evolving the receptive audience in time, advantageously by willful and automatable self- 
sustained and divergent amplificaticm and selection. 
25 This initially laborious but ultimately automatable process of reciprocal 

transposition between selected populations of nonnucleoiide targets and polydiverse 
nucleotide libiaries is important, useful and enabling in several respects. 

First, polydiverse nucleotide (libraries)N provide a uniquely plastic and high- 
resolution molecular di\ ersit\ generator that enables vast regions of di\ ersit> space to be 
30 explored u ith single-molecule resolution. 

Second, the replicative and mutational propensities of nucleotides, particulariy 
divergent and self-sustained amplification with varying fidelity, enables novel shapes to be 
expressed and refiected off or into nonnucleotide shape media (e.g., (libraries)N). iterative 
cycles of expression and refiecUon enable comprehensive probing of heretofore inaccessible 
35 regions of molecular and strucwral shape space, i.e., regions unavailable within directed 
evoluuonars' time. 

Third, imprinting of nonnucleotide populations into nucleotide libraries, enables 
single-molecule detection and identification of useful molecular shapes from any medium 
comprising a diversit>- of molecular shapes (e.g., random, randomized, combinatorial. 
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natural or syniheuc pepudes, proteins, small molecules, monomers, dimers and polymers, 
including biologically diverse and biologically diversified sets). 

F=burth, the single-molecule detection capabilit> provided by nucleotide 
amplification enables a thorough and efficient probing of structural space, e.g., identification 
5 of specifically attractive surfaces by methods heretofore unknown in the an (e.g., the 
identification of shape recognition probes for inorganic materials, suriaces and siractures, 
including nanostructures and microstructures (e.g., nanofabricated circuits, MEMS and 
NEMS devices, buckyballs, carbon nanotubes, carbon nanorods, and the like). 

Fifth, the suitabilit\' of nucleotides for consuiiction of, e.g., bivalent and 
10 muUi\aleni nucleotides of the instant in\enuon enables selection and imprinting ot 
positioning templates capable of assembling a diverse array of useful MOLECULAR 
MACHINES comprising functionally coui^ed selected target molecules. 

Sixth, template-based MOLECULAR MACHINES can then be imprinted into 
nonnucleotide materials selected for suitability to Uie intended purpose of the product. For in 
15 vivo applications, templates comprising, e.g., nucleotide, peptide, protein and dendritic 
poh-mers modified for oral availability and resistance to enz>-matic degradation are preferred. 
Materials selection criteria will >;ar>, e.g., for cosmeceutical, diagnostic, analytical, 
microelectronic, automotive, military, food processing, chemical processing, en% ironmental, 
agriculmral, consumer electronic, industrial polymers, paints and coatings., indusuial 
20 enz\me reactors and packaging materials. 

Seventh, the shape plasticit>^ of polydiverse nucleotide (libraries)N amphfied b> 
temporal evolution enables transposition ot highly diverse selected populations of selected 
nonnucleotide molecules into imprinted mapping libraries useful in, e.g., clinical 
diagnostics. monitcMing and prognostic modalities (vide i/i^fl). 
25 Funhermore. the combination of nucleotide-dependent replication and template- 

directed self-assembly provides a general approach for development of syntiieuc sell- 
replicaiihg and self-assembling MOLECULAR MACHINES. 

In a particularly preferred willful direction of tiie instant invention, highly plastic, 
replicatable. digitally encoded and dv-namic (e.g., willfully e\olving) nucleotide mapping 
30 libraries are selected first to maternal selected population(s) prior to conception and 
subsequentiy to an embryonic and/or perinatal selected populaiion(s). advantageously 
including at least a first map of a selected population comprising immune globulins, 
immunoglobulin antibodies and lymphocNtes comprising a defined fraction of umbilical cord 
blood. Selected maternal (target)xN-derived and umbilical cord (targei)xN-derived mapping 
35 libraries are amplified, sequenced and digitally archived as a baseline imprint of the immune 
repertoire, as transposed into nucleptide-encoded (molecular and structural) shape space. 
Ontogenetic development of immune competence is titen imaged over time by evolving the 
receptive audience. ampUf\ing, sequencing, digitally encoding the infonnation and 
comparing tiie digitally encoded shape space against baseline and cumulative molecular and 
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sloictural shape images as transposed into information space. Using paired nucleotide- 
nonnucleoiide libraries runctionally coupled to an inl'ormaiional SN'stem, a product of a first 
librar>- selection step is used as a target for a second libran* selection step. There is no 
heretofore known limit to the molecular diversity that can be explored, expressed and 
5 archived in this type of self-sustainable, divergent cn olutionan process. The enabling tool 
for high-resolution mapping is transposition or imprinting of a nonnucleotide librar\- into an 
amplifiable molecular medium (e.g., a nucleotide librarv). 

Librarv-selected nucleic acid sequences include, without limitation, any heretofore 
unknown nucleic acid sequence, shape, activity, nucleotide, modified nucleotide or 
10 nonnucleotide molecule, particularly including aptamers, riboz>Tnes, catalytic nucleotides, 
nucleotide iigands, nucleotide receptors, nucleotide catalysts,' structural shape probes and 
sequences or shapes comprising at least two recognition elements. Also included is any 
second nucleotide or nonnucleotide molecule capable of funciicmally coupling v\'ith a first 
nucleotide or nonnucleotide molecule comprising a member of the mixture. Importantly, 
15 screening and selection of any nucleotide librarv* for any nucleotide, nucleotide replicate, 
imprint, clone, deri%'ative, mimetic or conjugate may be achieved by single-molecule 
detection methods disclosed herein. Also, selected molecules identified by screening and 
selection of a nonnucleotide library by single-molecule detection may be advaniageously 
transposed into nucleotide space, enabling sequencing, characterization, digital encoding and 
20 archiving nucleotide imprints of nonnucleotide libraries. The importance of this capabilitv* 
will be apparent to the skilled artisan on reading this disclosure. 

Single-molecule selecticMi using polydiverse nucleotide libraries enables 
comprehensive and efficient exploration of di\ ersii\' space w ith single-molecule resolution 
that cannot be achieved using nonamplifiable, noncoded chemical libraries sans single- 
25 molecule analNtical techniques. This single-molecule resolution is important in the selection 
and assembly (i.e., collection or accumulation) of (target)xN-specific receptive audience 
members as the selected mapping librarv* evolves in time, preferably in a willful direction. 
Willful directions include, for example, mapping the immunoglobulin repertoire of an 
organism, ad\ antageously monitoring ontogenetic dynamics and the response of the selected 
30 population to clinical and environmental factors, e.g., therapeutic intervention; identifying 
and characterizing the antigenic determinants comprising the set of all autoimmune 
antibodies in Hashimoto's thvroiditis; mapping the set of lymphocyte cell surface antigens 
comprising the cellular immune system and monitoring responses to disease and therapy; 
and monitoring the molecular and structunil shape repertoire of dynamic elements 
35 comprising the human immune system, including cellular and humoral compartments. 

Single-molecule detection, single-molecule isolation, single-molecule 
characterization, single-molecule identification, single-molecule amplification and single- 
molecule sequencing relate to resolution at the level of an individual molecule, an individual 
pair or group of molecules attached to one another, an individual molecular complex, an 
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individual supramolecular or mulumolecular assembly or a discrete structure. Single- 
molecule detection and single-molecule methods refer to methods capable of detecting an 
individual molecule, an individual pair or group of molecules attached to one another, an 
individual molecular complex, an individual supramolecular or muitimolecular assembly or a 
5 discrete structure. Single-molecule detection methods and devices of the instant invention 
include, without limitation, optical force fields, optical tweezers, optical trapping, laser 
scanning, laser trapping, scanning probe microscopy, scanning tunneling microscopy, 
scanning force microscqjy, atomic force microscopy , scanning electrochemical microscopy, 
hybrid scanning probe microscopy techniques, mass spectrometr>, spectroscopy, 
10 kromoscop\ , capillary electrophoresis, microelectrophoresis, on-chip electrophoresis, 
multiplexed and arrayed electrophoretic methods and detectors; microminaturized and 
nanofabricated optical, spectroscopic, spectrometric, electrochemical, optoelectronic and 
elecu-onic detectors; microsensors, nanosensors, integrated on-chip detectors., sensors, 
transducers and arras's; molecular detectors, sensors and transducers; and muitimolecular 
1 5 sensors, muitimolecular transdiicers and tethered specific recognition dev ices. 

A sequence of nucleotides (e.g., a selected nucleic acid sequence) is referred to 
herein, e.g., as a nucleotide molecule, nucleic acid, nucleotide, nucleotide sequence or 
oligonucleotide arid not as a caiju^te or as a polymer of conjugated nucleotides. However, 
nucleotides may be referred to as conjugates, e.g., if a nonnucleotide molecule, group or 
20 moiet\- (e.g., biotin, digoxigenin, fluorescein, rhodamine) is introduced either before, 
during or after nucleic acid synthesis, e.g., as a nucleotide analog, modified nucleotide or 
modified nucleoside triphosphate. 

Ugands are molecules capable of specifically binding to receptors by affinity-based 
aimiction that does not involve base pairing between complemeniar>- nucleic acid sequences. 
25 Con^ ereely. receptors are molecules capable of specifically binding to ligands. Whereas a 
ligand and its correspcmding receptor are referred to herein as members of a specific binding 
pair, complementary nucleic add sequences are referred to as complementary, hybridizable 
or membere of a specific recogmticM pair but not as members of a specific binding pair. 
Molecular recognition means and inclu<tes specific binding and hybridization, but not 
3 0 specific recognition of a surface feature of a specifically attractive surface. 

Oerlap can exist among the terms ligand, receptor, effector molecule and 
structural molecule. The distinction between a ligand and receptor, a structural molecule and 
a ligand, or a strucwtal molecule and an effector molecule, lor example, may in some cases 
be discretionan.-. In other cases, a ligand may also be a receptor, a struaural molecule and/or 
35 an effector molecule, and reciprocal cases are also possiWe. In still other cases, a selected 
molecule may functiwi as a ligand or structural molecule in one context and a receptor or 
effector molecule in another. Although the meaning of these terms will be apparent to the 
skilled artisan on reading this disclosure, it will also be apparent that some contextual 
fiexibilitN- is required. 
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A nucleoude recognition element is an\ molecule, sequence or group of nucleotide 
or nonnudeotide molecules or residues capable of recognition, including, without limitation, 
molecular recogniuon, structural shape recognition, and catalyuc recognition. A nucleic acid 
molecule comprising an unconjugated randomized sequence (e.g., a prospecti\e aptamer 
5 sequence) and a fi.xed unconjugated primer-annealing sequence is not a SNUtheuc 
heteropolymer. In other words, where a bilunctional synthetic heieropolymer comprises a 
first aptameric sequence segment and a second defined sequence segment capable of 
hybridizing, the second defmed sequence segment is not an unconjugated primer-annealmg 
sequence for an unconjugated primer. Conversely, selected nucleic acid sequences that 
10 hybridize bifunciional SNTiihetic heteropolvmers of the instant invention do not include 
unconjugated primers used to amplify nucleic acid mdecules selected from mixtures, pools, 
or random-sequence libraries. Mixtures of nucleic acids having both fixed primer-annealing 
sequences and regions of randomized sequence are known in the art, including candidate 
mixtures from which regions of randomized sequence ma\ be selected lor the abilit> to 
15 specifically bind a selected nonoligonucleotide molecule (e.g., Ellington and Szostak ( 1990) 
Nature 546:818-822; Hlington and Szostak (1992) Nature 355:850-852; Famulok and 
Szostak (1993) In: Nucleic Acids and Molecular Biology, pp. 271-284 Springer-Veriag, 
Beriin; Famulok and Szostak (1993) J. Anu Chem. Soc. 774:3990-3991; Gold et al., U.S. 
5,270,163; Green et al. (1990) Nature 346: 818-822; Jellinek et al. (1993) Proc. Natl. 
20 Acad. Sci. USA 90: 11227-1 123 l;Tuerk and Gold (1990) Science 249:505-510; Tuerk and 
MacDougal-Waugh (1993) Gene 757:33-39). HeteropolvTneric selected nucleic acid 
sequences of the instant invention also do not include a conjugated oligonucleotide 
hybridized to a second defined sequence segment of a synthetic heteropohmer, wherein the 
oligonucleotide-conjugaied molecule is a ligand or receptor co\alenth attached to a 
25 nonoligonucleotide molecule capable of specifically binding to the first defined sequence 
segment of the synthetic heteropolymer. In other words, the instant disclosure is not directed 
to bivalent nucleotides capable simply of specifically binding the nonoligonucleotide moiet> 
(at a first sequence segment) and hybridizing the oligonucleotide moiet\- (al a second 
sequence segment) of an oligonucleotide conjugate comprising a nonoligonucleotide 
30 molecule conjugated to an oligonucleotide. Bifunciional, bivalent, multivalent and 
multifunctional relate to the recognition and attachment properties of nucleotide and 
nonnudeotide molecules, scaffolds and templates. Multivalent in the context of a multivalent 
heteropolymeric hybrid structure means having at least two specific recognition sites in 
addition to the hybridizable defined sequence segments joining the s\-ntheiic heteropolymere 
35 comprising the multi\alent heteropolymeric hybrid structure. At least two specific 
recognition sites comprising a multivalent heteropolymeric hybrid structure are capable of 
specificallN recognizing selected molecules or selected nucleic acid sequences w hich are not 
the s>-nthetic heteropoKmers tiiat make up tiie multivalent heteropolymeric .hybrid structure 
itself. 
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Structural shapes, structural features and surface features refer to specifically 
attractive surfaces, i.e.,- specifically recognizable structural features of a suilace. Surface 
features include natural, synthetic, designed or selected structures or surfaces, preferably 
subnanometer- to submicron-sized surface contours, having a two-dimensional or three- 
5 dimensional shape, contour, texture, characteristic, pattern, distribution, propert>-, 
configuration, anangement, organization, order, lack of organization or order, form, trait or 
peculiarity that can be specifically recognized by a shape-specific recognition element 

Structural shapes or surface features- are optionally designed or selected to be 
specifically recognizable by a shape recognition partner, preferably a shape recognition 
10 partner selected from a diverse mixture of molecules comprising a librar>-, advantageously a 
library of libraries. In a preferred mode of operation, surfaces are micromachined and/or 
nanofabricated with a %ariety of structural features, preferabh a diversity of structural 
features, and eoselected against shape recognition libraries. The shape recognition libraries 
are preferably nested combinatorial libraries of libraries exploring, e.g., nucleotide 
15 sequence, nucleoude charge, backbone modifications, sequence length, chemical 
modifications and optionally positional space (i.e., the relationship between pairs and 
groups of nucleoude modifications). Surface features that are specifically attractive, i.e.. 
specificalh recognizable by at least one member of a shape recognition library , are selected 
as useful' piTMpects for template-directed assembly of MOLECULAR h4ACHINES. 
20 Alternatively, selected attractive features are used for surface-to-suri^ace registration and 
bonding. In a particularly preferred aspect, diverse modifications are introduced in a single 
surface, preferably by randomized or combinatorial surf-ace u-eaiments. advantageously with 
nanoscale or atomic precision. Tagged molecules comprising diverse shape recognition 
libraries preferably nucleic acid libraries or nudeoiide-encoded chemical libraries, are then 
25 eoselected against di\ erse surface features to idenufy useful specific pairs of specificalh 
attracti> e surface shapes and shape-specific probes. Fluorcscently tagged nucleic acids or 
nucleoUde-encoded chemical libraries are preferred, surfaces are advantageously imaged by 
a combination of optical and scanning probe microscopy (SPM), preferably fluorescence 
and atomic force microscopy (AFM), before and after exposure to shape recognition 
. 30 libraries. Bound, fiuorescently tagged molecules, preferablv- nucleotides, are then isolated 
and characterized, preferably by AFM extraction followed by single-molecule nucleic acid 
amplification and/or sequencing. 

A structural shape recognition panner may, for convenience, be considered a 
special case of a specific binding partner, because the art has no suitable term for shape 
35 recognition sans specificity for chemical identity. As described herein, a shape recognition 
panner is the antithesis of a specific binding partner. The several differences between 
molecular recognition and shape recognition will become apparent to the skilled artisan on 
reading this disclosure. For example, structural shape recognition is specific for a surface 
feature^ comprising a selected material, not the chemical identity of a constituem selected 
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molecule. Therefore, selected molecules having the same composition as the recognized 
surface feature do not necessarily compete, inhibit or crossreaci, as would be the case in 
specific binding reactions known in the art Nor do chemically related congeners crossreact. 
Nor do solution phase molecules or even other surface molecules having the same chemical 
5 identity as the shape recognition partner crossreact, unless they comprise the recognized 
structural shape. 

Suiictural shape recognition, shape recognition, shape recognition partner, shape 
recognition probe, shape-specific probe and surface feature recognition refer to specific 
recognition of a structural shape or surface feature. Specifically atuactivity or specific 
10 attractiveness refers to a surface, structure, surface feature or structural shape which is 
specificalh recognizable by a shape-specific recognition panner, i.e., a shape-specific 
probe. Similarly, selected or identified surface features, shapes, suuciures or structural 
shapes (i.e., specifically attractive surfaces or features) are surface features that can be 
specifically recognized by a shape-specific recognition panner. Specific shape recognition, 
15 shape-specific recognition and shape recognition refer to discrimination of one structural 
shape or surface feature from another. Discrimination means binding a first surface feature 
and not binding a second surface feature having the same chemical composition. Perfect 
specificity is ideal. However, as in the case of molecular recognition (i.e., specific binding 
or hybridization), a certain degree of nonspecific surface association may be expected. The 
20 practical limits on achievable discrimination with shape-specific recognition related to the 
precision of surface fabrication techniques (e.g., surface machining; molecular and atomic- 
scale assembly) and by the purit\* and molecule-to-molecule uniformit\^ of shape-specific 
probes. Shape recognition libraries are diverse mixtures of molecules designed or selected 
for screening and/or selection of shape-specific recognition partners or templates, i.e. shape- 
25 specific probes or templates. Shape-specific templates and shape recognition templates are 
bivalent or multivalent templates comprising at least one shape-specific probe. 

Unlike a specific binding partner in the art-accepted use of the term, a shape 
recogrution partner is capable of specifically recognizing a shape, texture, consistency, 
attribute, discontinuity, charge distribution, energy, property or feature of a surface or 
30 structure rather than the chemical identiiv* of molecules comprising the surface or structure. 
A shape recognition panner that specifically recognizes a suuctural shape or surface feature 
is capable of doing so without binding to other surfaces or parts of the structure, even other 
surfaces or parts having the same chemical identit\' as the recognized structural shape. In 
other words, shape recognition is specific for the shape and not the chemical identit\* of the 
35 recognized structure. For example, a diamondoid conical tip comprises a su^ctural shape, if 
the lip (i.e., a surface feature) can be recognized by a shape recognition partner that does not 
bind a fiat diamondoid face or a graphite rod. If substantial binding (i.e., crossreaciivity) to 
a fiat surface occurs, binding is not shape specific. In one exception, it may^be desirable to 
design or select shape recognition probes that specifically recognize only fiat surfaces and do 
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not crossreact with nonflat surface features. Structural shapes may comprise, without 
limitation, shapes, textures, surfaces, panems, properties or features comprising solid 
supports, diamondoid structures, micromachined, microminiaturized and nanofabncated 
structures, molecular devices and MOLECULAR MACHINES, molecules and groups of 
5 molecules ckpaWe of existing in at least two conformations or states, transducers, 
microstructures and nanostructures. 

Ugands and receptors may also be structural molecules or molecular effectors. A 
drug, for example, is both a ligand for its therapeuuc receptor and an effector molecule 
capable of stimulating, catalyzing or mediating a therapeutic response. An enzv'me which is a 
1 0 therapeutic target may be a receptor for a drug. As will be apparent to one of skiU in the art, 
a molecular effector may also be transformed into a ligand or receptor, e.g., b>- conjugation 
to a ligand or receptor A molecular effector conjugated to a ligand is referred to herein as 
either a ligand, a molecular effector or, preferably, a molecular effector-ligand conjugate. 
Similarlv, a molecular effector conjugated to a receptor is referred to herein as either a 
15 receptor, a molecular effector or, preferably, a molecular effector-receptor conjugate. 
Altemativelv, by screening and selection for heretofore unknot n specific binding parmers. 
e.g., bv combinatorial chemistry, in vitro evolution, directed molecular evolution and/or 
high-throughput screening, the identification of new compounds tiiat speafically bind 
effector molecules provides a practical means of equipping a molecular effector with hgand 

20 or receptor properties. 

Specific binding refers to a measurable and reproducible degree of attraction 
between a ligand, receptor or defined sequence segmem and a selected molecule or nucleic 
acid sequence. The degiee of attraction need not be maximized to be optimal. Weak, 
moderate or strong attractions may be appropriate for differem applications. The specific 
25 binding which occurs in these interactions is well known to those skilled in the art. Specific 
binding is saturable, noncovalem interaction betxveen two species that can be competitively 
inhibited bv chemically identical or similar substances, i.e.. analogs of the binding parmers. 
Specific binding benveen a ligand and receptor means affinit) -based interaction related to Uie 
three-dimensional shapes of the participating molecules and does not include the 
30 hybridization of complementary nucleic acid sequences due to Watson-Crick base pairing. 
When used in reference to a defined sequence segmem, specific binding to a selected nucleic 
acid sequence refers to a measurable and reproducible degree of attraction between Uie 
defined sequence segmem and a selected nucleic acid sequence which may involve 
hybridization if participating sequences are complementary or alternative mechanisms if 
35 sequences are noncomplementary. Nonhybridization based specific binding between 
noncomplementary nucleic acid sequences depends not on base pairing, but on the 
secondary and tertiar>' strucmres and charge distributions of participating sequences. Nucleic 
acid bintUng reactions known to involve mechanisms other than hybridization include, e.g., 
antisense, triplex, quadruplex and aptamer interactions. Specific binding pairs include 
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ligand-recepior pairs and apiamer-targei pairs and do not include pairs of hybridized 
nucleotides, i.e., hybridized, hybridizable or complemeniar\' nucleic acids or nucleic add 
sequences. 

Molecular recognition and molecular recognition pair mean the specific molecular 
5 interactions and complexes involving either specific binding or hybridization reactions. 
Different molecular recognition pairs means two molecular recognition pairs whose four 
members comprise at least three different chemical identities. A panner is a member of a 
recognition pair. Molecular recognition includes 1) specific binding between a ligand and 
receptor, 2) specific binding between a defined sequence segment and a nonoligonucleotide 
10 molecule. 3) specific binding between defined sequence segments and/or selected nucleic 
acid sequences, and 4) hybridization between complementar\; nucleic acid sequences and/or 
defined sequence segments. Molecular recognition does not include specific surface 
attraciivity or shape-specific recognition of a specifically attractive surface feature. Catalvtic 
recognition refers to the selecti\e interactions bet\^'een enzvmes, catalyst and their 
15 substrates, inhibitors and cofactors. 

Recognition refers to all forms of recognition disclosed in the instant application, 
including molecular recognition, suucmral shape recognition, catalytic recognition and 
specific atu^tivity. Probes are specific recognition elements, i.e., recognition partners 
capable of specifically recognizing a selected target wherein the target comprises a nucleotide 
20 or nonnucleotide molecule or a structural shape. 

Templates are MOLECULAR MACHINES comprising at least one probe. Probes 
comprising MOLECULAR MACHINES of the instant invention are capable of specific 
recognition, i.e., specific binding, hybridization or shape-specific recognition. 
MOLECULAR MACHINES are also capable of catalytic recognition, e.g., \ ia nucleotide 
25 catalyst, hybridized or specifically bound catalytic nucleotides and specifically attached 
selected molecules. Recognition, when used in reference to a MOLECULAR MACHINE, 
refers to specific recognition or, as the case may be, catalytic recognition (i.e., specific 
binding, hybridization, structural shape recognition or catal\lic recognition). MOLECULAR 
MACHINES, templates, recognition partners and probes of the instant invention may be 
30 targeted, delivered, atu-acted and bound by specific recognition of surface features (i.e., 
structural shapes) as well as art-accepted specific binding and hybridization modalities). 
Conversely, surfaces may be recognized, probed, targeted, modified, bound and bonded by 
the structural shape recognition properties of the instant MOLECULAR MACHINES. 

MOLECULAR MACHINE and MOLECULAR MACHINES include methods and 
35 devices of the instant invention, e.g., nucleotide-based and plastic segments and templates, 
paired selected molecules, templates, libraries, processes, devices and systems, functionally 
coupled selected molecules, templates, libraries, processes, devices and systems, paired 
specific recognition devices, designer drugs. smaRTdrugs, shape recognition probes, shape 
recognition libraries, bivalent and multivalent templates, shape recognition templates. 
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specifically aiiractive surfaces, surface feature libraries, muliimolecular deuces, tethered 
specific recognition de\ices, molecular adhesives, molecular adherents, molecular 
adsorbents, molecular lubricants, promolecular deliver>- devices, any of these devices, 
libraries or surfaces in combination, and particularly a MOLECULAR MACHINE 
5 operatively attached to a surface and/or informational device, particulariy a transducer 
surface and/OT informational system, particulariy operative attachment comprising functional 
coupling. 

Paired specific recognition pairs and paired specific recognition devices are 
molecules, molecular scaffolds or multimdecular structures comprising at least two specific 
10 recognition pairs, each pair comprising two specific recognition partners. Specific 
recognition partners, i.e., members of a specific recognition pair, include nucleotide and 
nonnucleoude molecules and groups of molecules, including nucleotides, modified 
nucleotides, nucleotide analogs, nucleotide ligands, nucleotide receptors, defined sequence 
segments, nucleotide spacers, linker oligonucleotides, selected nucleic acid sequences, 
15 nonnucleoude linkers, selected molecules and molecular scaffolds. Specific recognition 
partners may be capable of specifically binding, hybridizing or shape-specific recognition. 
Paired specific recognition devices include nucleotide-based and nonnucleotide 
multimolecular de\ices. tetiiered specific recognition devices, multimolecular adhesives, 
multimolecular adherents, targeted promolecular delivery devices, aptamenc dev ices and 
20 mapping libraries capable of either 1) detecting, isolating, identifying or transposing matter, 
energ>-, data or information or 2) exchanging matter. energ> , data or information betvveen 
two molecules or groups of molecules, between two systems or subsystems, or between a 
system or subsystem and its environment, including, but not limited to, informational 
devices, switches, sensors, transducers, actuators, molecular delivery systems, drug 
25 deliverx systems, adhesive devices, adherent devices, soluble molecular complexes and 
assemblies, aptameric devices, structural shape recognition probes and mapping libraries. 

In a preferred embodiment of the instant invention, template-directed assemblv 
may be used to produce a [HDmolecular deliverv device comprising a payload moleculecs) 
specifically bound in inactive, quasireversible, releasable and/or activatable form to a 
30 designer receptor (as distinct from a target receptor, targeted receptor or disease target). The 
promolecular delivery device is capable of binding, storing, preserving, subilizing. 
transporting, delivering, releasing and/or attaching the payload molecule in such manner that 
device binding to a selected target via a second recognition site (i.e., a targeting site) results 
in deliverv-, concentration, localization, release and/or activation of payload molecule(s) at a 
35 desired site of action (e.g., a selected mtdecule or selected nucleic acid sequence comprising 
a pollutant, contaminant, plant pathc^en, biological weapon, toxic chemical, oil spill, 
microbe, virus, disease marker, or therapeutic receptor). The payload molecule is bound to a 
first moleciilar recognition or shape recognititm site (i.e., a designer receptor) of the 
promolecular delivery device template in inactive and/or unavailable form. The resulting 
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promolecule complex (i.e., payload-designer receptor complex) is analogous lo a prodrug 
complex comprising a drug bound in inactive form to a designer receptor selected to bind 
and occupy the active site of the drug. The difference is that a promolecule complex may 
comprise as payload molecule not only a drug, but any nucleotide or nonnucleotide molecule 
5 or structural shape (e.g., a surface feature comprising a buck>ball, nanombe or nanorod) 
which is capable of performing a useful function when delixered to a selected target. The 
payload is preferably a selected molecule (e.g., a ligand, structural molecule or effector 
molecule) or a selected nucleic acid sequence (e.g., an apiamer, ribozyme, antisense or 
triplex-forming nucleotide). The second, optionally allosteric, specific recognition site 
1-0 comprising a promolecular delivery device is responsible for delivering and/or releasing the 
payload molecule(s) to selected molecules or selected nucleic acid sequences comprising, 
attaching or neighboring a selected target 

In a preferred mode of operation, the designer receptor is a relatively \o\\ affinitx 
or low avidity uu"get-mimetic receptor that competes with a higher affinity^ target for binding 
15 of the paxload molecule. When brought within close spatial proximity of the selected target, 
e.g., by allosteric targeting, the payload molecule preferentially dissociates from the lower 
affinity* designer receptor and binds to the higher affinity* target recognition site. In a 
particular!) preferred embodiment, binding of the allosteric recognition site influences the 
binding or activity of the payload molecule at the designer receptor site by a second (i.e., 
20 allosteric) mechanism. In the allosteric mode, binding of the target recognition site to the 
selected target facilitates, enables or accelerates the dissociation of the payload molecule 
from the designer receptor. This preferred aspect of promolecular delivery' comprises three 
distinct and additive, preferaWy synergistic, mechanisms. First, the payload molecule is 
advantageously partitioned or titrated between a high capacity-low affinity designer receptor 
25 and a high alTinity target recognition site, the target optionally being present at ver\ low 
concentration. Second, payload delivery is site-directed, i.e., specifically directed to the 
target by means of a target-specific recognition site. Third, local delivery of the payload to 
the target recognition site is accelerated or faciliuited b\ the allosteric triggered release 
mechanism. 

30 In another preferred mode of operation, the payload molecule is also tethered to a 

molecular scaffold comprising the designer receptor, prox iding a tethered molecular delivery 
device, i.e., a tethered device. In this aspect, the payload molecule is not only specifically 
attached, but also pseudoirreversibly or covalently attached (i.e., tethered) to the designer 
receptor. 

35 In another preferred mode of operation, the reversible activation (i.e., repeat- 

action) potential of tethered specific recognition devices {vide infra) is used in a "detect-and- 
actuate" or "search-and-destroy" mode, e.g., for defense, detoxification, environmental 
remediation, and agriceutical (e.g., fertilizers, vaccines and pesticides).,- cosmeceuticaL 
nutraceutical and pharmaceutical molecular delivery applications. For example, a tethered 
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specific recognition device comprising a prodmg that is re\ ersibly and repeatedly activated 
and inactivated in response to sequential target binding is configured as follows. A payload 
molecule comprising a therapeutic enzyme is tethered (\\a. a linear and flexible molecular 
scaffold preferably less than about 100 nm in length) and specifically bound in inactivated 
5 form to a first molecular recognition site comprising a selected inhibitory ligand. A second 
molecular recognition site (i.e., a targeting ligand selected for high-affinit>- specific binding 
to the substrate (i.e., target) of the therapeutic enzyme) is positioned widiin the loop region 
between the inhibitory ligand and the therapeutic enzNine to which the inhibitors ligand is 
bound. The targeting ligand is located toward the inhibitors ligand end of the molecular 
10 scaffold in close proximity to Uie tethered, specifically bound inhibitors' ligand-lherapeutic 
enzyme complex, preferably within about 10 nm of the bound inhibitory ligand and more 
preferably within about one nanometer of the bound inhibitors ligand. Binding of tiie high- 
affinits- targeting ligand to its receptOT (i.e.. the therapeutic target) dissociates tiie inhitetory 
ligand-therapeutic enzstne complex, resulting in activation of tiw therapeutic enzsme. The 
15 activated therapeutic enzyme catalyzes tiie cleavage, modification, digestion and/or 
degradation of its substrate (i.e., the receptor of die targeting ligand). Modification of the 
targeting ligand's receptor (i.e., tiie Uierapeutic enzsme substrate) causes, facilitates or 
accelerates ligand-receptor dissociation, freeing tiie targeting ligand. Witii Uie targeting 
ligand in the free state, the tethered recognition device switches back to tiie inhibited state 
20 (i.e., the tetiiered inhibit<M>' ligand rebinds and inhibits tiie therapeutic enzyme), resetting tiie 
des'ice for anotiier search-and-destroy cycle. The choice of molecular scaffold for diis type 
of res ersible, autocatalytic device depends on tiie environment in which it is to be used. For 
in vivo, topical and extracorporeal applications (e.g., prodrug delivers, detoxification, 
dy-namic imaging), tiie choice of molecular scaffold compositicm is limited to biological or 
25 biocompatible molecules, polymers, microstruciures and nanostructures comprising, e.g., 
nucleotides, peptides, carbohydrates, lipids, dendrimers, surfactiims, organic hydrocarbons 
and polyamines; implantable, injectiWe and bioerodible polymers, particularls imprint 
polymers, copolsmers and heieropolsitiers; and bifunclional, trifunctional and 
multifunctional molecules, particulariy heterofunctionaJ, heterobifuncuonal and 
30 heterotrifunctional molecules and groups of molecules. For environmental, military, 
agricultural and industrial applications (e.g., ground, water and site remediaticMi, chemical 
and biological defense) important attributes include durabilits- and/or biodegradabilits , 
safets, scalability and cost. Hexiblc, durable, well-defined and inexpensive syndietic 
polymers, bifuncticmal and heterofunctionai molecules are particularly suitable, particularly 
35 copolymers and heteropolymers. preferaWy flexible and/or looped, bent, hinged, branched, 
circular or polygonal polymers that can be designed and manufacnired widi controlled 
topology and/or precision joints, hinges, bends or branchpoints, and more preferably 
pdsmers amenaMe to imprinting and/or reproducible, site-directed attachment of selected 
molecules. 
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In another preferred mode of operation, the bond(s) used to tether the payload 
molecule to the designer i^ceptor (i.e.. scaffold) is both pseudoirreveisible, optionally 
covalent, and willfully or environmentally reversible. The tethenng bond(s) may be 
cleavable. for instance and without limitation, by chemical, photochemical, thermal, 
5 enzymatic or ionic means, including laser-driven and phoiodynamic and h>perthermic 
modalities. In a particularly preferred embodiment, cleavage is mediated by a selected 
condition or substance which is relatively specific for or localized to the selected target. 
Cleavage and tnggered release may be catalyzed, for example, by a particular hazardous 
waste substance at a bioremediauon site; or accumulauon of a pesticide residue in an 
10 agricultural setting; or a particular excreted solute or analyte absorbed by a transdermal drug 
deliv erv system (e.g., a patch); or a biological or chemical w arfare agent 

Where the payload molecule is a drug, the first specific recogniuon pair is referred 
to as a pixxlrug complex or drug-receptor complex. Promolecular effector complexes of the 
invention (i.e., a promolecule being analogous to a prodrug) include not only prodrug 
15 complexes, but also prosignal -generating species complexes comprising specifically bound 
tags, tracers, radioisotopes, labels, reporters, polymers, light-harvesting structures, 
antennae, photonic assemblies, photosynthetic molecules, macromolecules, microparticles, 
nanoparticles. colloids, metals, dyes, fiuorophores, phosphors, photosensiUve molecules, 
metabolic, signal transduction and photosysiem molecules, reaction centers, enzymes. 
20 coenzymes, cofactors, catalytic antibodies, molecular mimics, biomimetics. luminescent, 
triboluminescent. sonoluminesceni, chemiluminescent, bioluminescent and 
elecu-oluminescent molecules, electron transfer donors and acceptors, oxidizing and 
reducing compounds, mediators, and the like. 

In a particularly preferred designer drug embodiment (i.e., smaRTdrugs), the 
25 combination of drug-device tethering and prodrug complex-based partitioning provides a 
fourth and failsale level of specilicitv' lor ma.ximal saletv and efficacy of the targeted, 
partitioned, tnggered-release therapeutic device. Target specificitv- is achiev ed b\ the additive 
and preferably svnergisuc combination of 1) site-specific targeting, and 2) affinity 
partitioning between designer receptor and target, and 3) allosteric tnggered-release 
30 mechanisms, and further 4) localized enz\'mauc, metabolic or cofactor-dependent cleavage 
of the prodrug tether. This fourth level of target selectivity is achieved by a molecular 
effector (e.g-, an enzyme, metabolite, pathophysiologic event or willfully or endogenously 
supplied cofactor) which is relatively site-localized (e.g., infection, inflammation, cancer) or 
disease-dependent (e.g., cancer, diabetes, cirrhosis atherosclerosis). 
35 Prodrug complex means a prodrug comprising at least two noncovalently bound 

molecules and includes, preferably a drag specifically bound to a designer receptor wherein 
the designer receptor mimics the specificitv' of a therapeutic target for a drug. Prodrug 
complexes may also comprise a pair or plurality of dnigs specifically bound to a pair or 
plurality of designer receptors. Prodrag complexes may also be operafively attached to 
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biological or biocompatible microstnictures or nanostruciures free to distribute in one or 
more phvsiological compartments. Alternatively, prodrug complexes may attach to solid 
tissues or anatomically confined biologic or biocompatible structures, or they may be 
willfully attached to cells, tissues or organs, optionally reversibly or by a willfully 
5 biodegradable, cleavable and/or metabolizaWe linkage. Prodrug complexes may be stored, 
confined or released in a selected physiological or anatomical comparunents or, alternatively, 
transported, delivered and/or confined to a selected physiological or anatomical 
compartment, site or target Designer receptor, selected receptor and symheiic receptor 
mean any namrally occurring, recombinant, biological, biologically produced or synthetic 
10 nucleotide or nonnudeotide molecule or group of molecules comprising a specific 
recognition partner selected from the group consisting of specific bmdmg parmers. 
hybridizable nucleic acid sequences, shape recognition partners, specifically attractive 
surfaces or a catalytic recognition partner selected from the group consisting of enzv-mes. 
catalysts, biological recognition sites, biomimetics. cnz\Tne mimetics and molecules 
15 participating in catalytic recognition reactions. Advantageously, designer receptors 
comprising muWmolecular dnig delivery sv-stems ol" the instant invention are selected for the 
abilit>- specifically recognize a drag or therapeutic receptor, optionally to mimic the 
specificity of a therapeutic receptor for a drug. 

CatalNtic recognition partner means a natural or sy-nthetic substance participating in 
20 a seleaive catalytic or enzymatic reaction and includes protein and nonprotein enzymes and 
catalysts; nucleotide and nonnudeotide enzymes and catalysts; organic and inorganic 
enzymes and catalysts; spedfic. selective, class-spedfic and dass-seledi\e enzymes and 
catalysts; and mimetics and imprints and conjugates of any of these molecules. Molecules 
participating m catalytic reactions include substrates, products, intermediates, coenzymes. 
25 cofactors, prosthetic groups, regulatory factors, steric and allosteric modulators, inhibitors. 

mediators, and the like. 

Promolecular delivery devices are also paired recognition devices as will be 
apparent from the following general description. A first spedfic recognition pair comprises a 
designer receptor capable of spedfically recognizing, storing or unsporting a selected 

30 molecule, preferably an effector molecule in inacti\e or unavailable fomi. An attached 
second spedfic recognition pair comprises a targeting and/or release-triggering first member 
(i.e., a ligand. receptor, defined sequence segment or shape-specific probe) that spedfically 
recognizes a second member (i.e.. recognition partner) that comprises a site at, on or near an 
identified (i.e., sdected) target On binding of the targeting first member of the second 

35 specific recognition pair at the target site, the selected (preferably inactive effector) molecule 
releases and/or attaches to the selected target The released and/or targeted selerted molecule 
is thereby made activdy available to the selected target, generating or causing to be generated 
a desired effect (e.g., modification of the selected target). 
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InfOTinaiional device means a synthetic device, product, medium, machine, 
prognun, code, process, library, database or means tor marking, displaying, conveying, 
representing, mapping, transposing, imprinting, embodying, storing, replicating, archiving, 
comparing, analyzing, searching, researching, or transmitting data, information or 
5 instructions, particularly including molecular modeling, biocompuung, multifactorial search 
engines and hardware and software designed for ultralast. ultrapowerlul mapping, 
transposing, comparing, integrating, interpreting, interrogating, modeling and simulating 
molecular sequence, structure, shape, docking, dynamics, quantitative structure-activit) 
relationships (QSAR). 

10 Informational system means a pair of functionally coujrfed informational devices. 

Functionally coupled informauonal devices of the invention are capable of iteratively 
expanding the domain of infomiational space comprehended by either device and/or the 
paired dex ices, i.e., evolving, if the informauonal system is functionally coupled to a second 
system, i.e., a source of information, preferably an e\ol\ing source of information. The 
15 source of information may be natural, biological or synthetic. For purposes of the instant 
invention, the source of information is preferably willful, i.e.. provided or mediated by 
humans. Willful functional coupling between information source and sink (i.e., processor) 
advantageously includes human-directed and/or human-superv ised direct functional coupling 
between an information source (e.g.. namre) and an informational system (e.g., paired 
20 search engines). Evolution, when used in reference to paired informational devices of the 
instant inxention, means learning. Machine learning, machine-directed and machine- 
intelligence refer to inducts and iHOcesses enabled, facilitated or accelerated by 
informational devices, particulariy paired informational devices comprising informational 
systems, more preferably inlbrmati<Mial systems comprising, attaching to. or capable ot 
25 attaching to learning machines, e.g.. evolving expert systems and intelligeni machines. 
Intelligent means capable of learning. When used in reference to learning for willful 
purpose(s), intelligence requires either a functionally coupled system comprising an 
informational device and a human and/or humanly inuoduced informaUon source or a 
functionally coupled paired informational de\ice comprising or connecting to an external 
30 information source. Learning, when used in reference to an informational device(s) or 
system(s). means that the domain of informational space (i.e., knowledge) comprehended 
by the de\ice(s) or system(s) expands with time as a function of the expanding domain 
encompassed by that which is heretofore known at a given point in time (i.e.. all present 
knowledge). 

35 Functional coupling between the machine-comprehended domain (i.e.. machine 

domain) and the informational source domain (i.e., information source) may be tight and 
efficient in time and space, or functional coupling may be loose and inefficient In perfectly 
tight and efficient functional coupling between paired informational device(s) (i.e.. an 
informational system) and an information source, the source informatirai is instantl> 
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available (i.e., immediately knoun) to the informational system. Perfect functional coupling 
is unattainable, as incoming source informauon must be added to, integrated, compared with 
and combinatorially permuted against its(new)self. The process of achieving the new, higher 
order informational state (i.e., knowledge) comprising its(new)self requires finite 
5 processing time, i.e., the time required for added information to be adopted, archived and 
combinatoriallv internally permuted, therebj- foiming a higher order information state which 
must its(new)self be combinatorially inienially permuted, and so forth. Even assuming 
instantaneous (i.e., timeless) communication between information source and informational 
de\'ice(s) (i.e., sink), funcuonal coupling efficiency between source and sink is limited by 
10 the internal processing time of the informational device(s). 

Molecular search engine and search engine, when used in reference to molecular 
diversity. diversit>- space, molecular space, shape space, strucwral space, surface space, 
chemical space, catalvtic space, surface attractivit>' space, positional space, means at least 
one member of a set of netNvorked, massively parallel inlormauonal systems comprising 
15 pairs of paired informational devices comprising paired processors comprising paired 
switches. Advantageously, the informational system architecture comprises paired pairs of 
devices comprising processors comprising switches, e.g., (pairs of paired informational 
devices)^, each informational device comprising (pairs of paired processors)^, each 
processor comprising (pairs of paired switches)N, each switch being advantageously 
20 binary. Processing speed is a function of degree of parallelism, e.g., number of processors 
per system. A firel-generation search engine comprising a one-dimensiohal linear systolic 
array with 364,000 on-board processors operating in parallel has been designed for this 
purpose. Alternative processor architectures comprising arrays with two-dimensional and 
three-dimensional connectivity are prcsenUy under consideration. The operative 
25 informational system advantageously comprises a first molecular search engine (i.e., 
molecular knowledge base) that encompasses, archives and provides access to information 
regarding the evohing set of heretofore known and emerging (i.e., knowable and 
discoverable) molecules as well as structural shapes and surface features comprising 
materials. A second application-specific and functionally coupled search engine 
30 encompasses, e.g.. the relationship among chemical idenut>-, structure, shape and function 
of newly discovered selected molecules and materials. A third application-specific and 
functionally coupled search engine encompasses, e.g., the evolving domain of useful 
applications for heretofore known and unknown materials and molecules. A fourth 
application-specific and functionally coupled search engine encompasses, e.g., the 
35 relationship between strucmrofunctional properties of newly discovered (as well as 
heretofore known) selected molecules/materials and the evolving domain of useful 
applications for such known and unknown materials/molecules. A fifth application-specific 
and functionally coupled search engine generates hypotheses regarding ihe intersection 
between commercially useful applications and properties/activities of material/molecules. A 
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sixth applicaiion-specific and funciionally coupled search engine tests the h>potheses 
generated by the fifth search engine, and so forth. Networked means funcuonally coupled 
machines capable of generaung and tesUng hypotheses with timely and efncieni access to an 
evolving collective knowledge base comprising application specific evolving knowledge 
5 bases. 

Materials, selected materials and identified materials, when used in reference to a 
molecular knowledge base and/or search for new materials, refer to structures, structural 
shapes, suri"aces and suri"ace features comprising selected molecules, as disunct from the 
selected molecules themselves. This distincuon is made for clarity to enable well-articulated 
10 searches for selected molecules capable of interacting with structures, structuial shapes, 
surfaces and surface features and, conversely, intelligent searches for struaures, structural 
shapes, surfaces and surface features capable of specifically interacting with selected 
molecules. In general, structures, structural shapes, surfaces and surface features may be 
viewed as solid stfuctures and surfaces as a conceptual guide. Selected molecules, on the 
15 other hand, may be viewed as mobile for conceptual purposes, wherein mobility does not 
imply an>thing definitional regarding the size, solubility, dispersion, solute, solvent or 
colligaii\e properties or characterisucs. particulateness, autonomy, three-dimensional 
structure or architecture of a selected molecule. The distinction between selected molecules 
and selected materials is also made to elaborate and underscore a central premise and 
20 inventive step disclosed herein, that materials comprising structural shapes and surface 
features are capable of specifically recognizing selected molecules independent of the 
chemical composition of the molecules comprising the structural shapes and surfaces. This 
premise derives from the following seminal, albeit modest, insight: As technologies emerge 
to enable precision manufacturing at the submicron scale, preferably nanometer and 
25 subnanometer scale, heretofore unappreciated specific recognition and catalyuc properties of 
matter will emerge within chemically bland materials as a consequence of newly selected and 
designed three dimensional shapes at molecular scale. In other words, heretofore chemically 
bland materials will become plastic and personable with respect to interactions with 
compositionally diverse molecules refeired to herein as selected molecules. So the 
30 distinction between selected materials and selected molecules relates to the transposition of 
structures and surfaces heretofore used as chemically passive into materials with diverse and 
useful recognition properties. NanofabricaUon. nanomanipulation and molecular-scale 
sculpting of inorganic (as well as organic) substrates enables the conversion or 
transformation of passive, bulk materials into usefully active (i.e., reactive) materials. The 
35 emerging activities of chemically bland (e.g., monolithic, elementally pure, homogeneous, 
strucmially unifoim, amorphous, or specifically unrecognizable) materials will resemble and 
complement the specific binding and catalytic recognition properties heretofore understood 
and applied only in respect of the chemical composition of selected molecules. 

Coupling inefilciencies arise from imperfect sensiuvit>- or receptiveness to input 
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data (i.e.. inaccessible or unrecognizable data or information), temporal lags (i.e., delays m 
reception, sluggish processing), noise (i.e., nonsense) and contamination (i.e.. distortion, 
misinformation), disadvantageously accompanied by destructive interactions (e.g., negative 
synergy, negative cooperativit>', cooperatiNity in a negative direction, competition and/or 
5 unresolved conflict). Tight coupling and efficient coupling, when used in reference to the 
functional coupling of machine intelligence to a process, domain or system, means that data 
and/or infoimation are effectively cOTiprehended in a usefully timely manner. 

Informational devices of the invention particularly include high-order paired search 
engines comprising massively parallel processors, switching and software capabilities for 
10 inmsposing molecular structure-aclivitv space and surface attractivity space, i.e., structure- 
activity-surface space (SASS), into informational space. Contemplated herein are multiply 
networked arrays of parallel processors with adequate computing power to engage in a 
willfully automatable, self-sustaining, closed-loop feedback system comprising an 
informational search engine functionally coupled to a molecular diversitv- generator. The 
15 molecular diversity generator is designed to express and explore Nast regions of structure- 
activitN' space b\ generating and evdving polydiversc libraries of libraries, preferably paired 
nucleotide and nonnucleotide libraries operating in a divergent, self-sustaining nucleotide- 
' nonnucleoude cvclc of imprinting imprints. In a preferred mode of operation, the molecular 
diversitv- generator and infortnaUonal search engine are tightly coupled and fully automated, 
20 albeit willfully directed. 

Insuiictions include written or nonwritten letters, words, numbers or numerals, 
recordings, replicas, representations or facsimiles, pictures, signs, symbols, digital or 
analog data or code, static or dynamic images, audio, \isual, tactile, dfactorv- or other 
.sensor\-, perceptible or interpretaWe messages, data or information. Deteaion, deciphering. 
25 decoding, deconvolution cm- interpretation of instrucucMis may be accomplishied by sensor% 
means, or. alternatively, may require suitable instrumentation, e.g., a light source, laser, 
scanner, reader, detector, sensor, transducer, amplifier, magnifier, decoder, microphone, 
recorder, transmitter, imaging system or the like. 

Aptamers and aptamer targets as used herein are distinguished from ligands and 
30 receptors. Although an aptamer and its target are specific binding partners and members of a 
specific binding pair, they are not referred to herein as ligands and receptors. The inventor's 
lexicography in this regard is intended to avoid confusion arising from overiapping prior art 
usage of the terms ligand and receptor with respect to aptamers. Nucleic acid ligands. 
nucleic acid receptors, nucleic acid antibodies and aptamers are commonly described in the 
35 art without definition. 

The s>nthetic heteropolNTners of the present invention allow for the production of 
ordered pairs, groups and arrays of selected nonoligbnucleotide molecules, preferably 
receptors, ligands or effector molecules, whose cooperative interactions -have utilitv m 
diagnostics, therapeutics, bioprocessing, microelectronics, energy transduction and, more 
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generally, molecular manufacturing. Cooperating, cooperative interactions and coopeiativit\- 
refer either to the ability of selected molecules to interact positively or negatively to produce 
a desired result or to an effect on one molecule created by the presence of a second molecule 
or to an action or effect brought about by the proximity of two or more molecules or to the 
5 combined actions of two or more molecules on a third molecule or to a chemical, electrical, 
optical, theimal, mechanical, energetic or informational transformation involving two or 
more molecules. This invention enables preparation of ordered pairs, groups or arrays of 
selected biological or nonbiological molecules that funcuon in a concerted manner to 
transduce energy or perform useful work. Whereas biological systems rely on membranes, 
10 molecular chaperones and self-assembling systems to create ordered arrangements of 
proteins, lipids and glycoconjugates as ion channels, effector-coupled membrane receptcM^, 
biochemical amplifiers and metabolic pathways, the present inx-ention teaches methods to 
create multimolecular machines using selected, designed or engineered nucleotides as 
molecular oixJering devices, i.e., molecular scaffolds or multisite templates. Nucleotide- 
15 based templates may be heteropdv-meric, aptameric or nonaptameric. They may be 
sv-nthesized by biological, chemical and/or enzymatic methods kno\vn in the an, including 
manual and automated methods, cloning, transcription, replication and/or amplification, 
optionally including willful infidelity and/or directed evolution. 

Cooperativity includes but is not limited to functional coupling between or among 
20 two or more molecules, reactions or processes. Functional coupling and functionally 
coupled mean that at least two processes are connected by a common reaction, event or 
intermediate or that at least two compositions, which may be molecules, species, 
substances, structures, devices, groups or combinations thereof, participate as donor and 
acceptor in the transfer of mass (e.g., molecules, atoms or subatomic particles) or energy 
25 (e.g., photons, electrons <x chemical or mechanical or thermal energv), or that two 
processes or compositions act on a third process, composition, disease or condition in an 
additive, partially additive or subtractive, mutualisuc, svuergisUc, combined or 
interdependent manner. Examples of such coupling are well known in the art, e.g.. Gust et 
al. (1993) Accounts of Chemical Research 26:198-205; Sheeler, P. and Bianchi. D.E. 
30 (1983) Cell Biology: Structure, Biochemistry, and Function, p. 203, John Wiley & Sons, 
Inc.. New York; Saier. H.S. Jr. (1987), Enzymes in Metabolic Pathways: A comparative 
Study of Mechanism, Structure, Evolution, and Control, pp. 48-59 and 132-136. Harper & 
Row Publishers, New York; Aidley D.J. (1989), The Physiology of Excitable Cells, Third 
Edition, p. 320, Cambridge University Press, Cambridge; Bray, H.G. and White, K. 
35 (1957), Kinetics and Thermodynamics in Biochemistry, p. 135, Academic Press, New 
York; and Guyion, AC (1971) Textbook of Medical Physiology, Fourth Edition, p. 786, 
W.B. Saunders Company, Philadelphia). When used in reference to the interaction between 
two specific recognition pairs, functional coupling and functionally coupled-mean that the 
binding or activity of a member of a first specific recognition pair influences the binding or 
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activity of a member of a second specific recognition pair or that members of both specific 
recognition pairs bind to or act upon a common substance, disease, condition or process m 
an addiuve. partially additive, or cooperative manner. Members of both specific recogmuon 
pairs bind to or act upon a common disease or condition, for example, when two (or more) 
5 functionailv coupled drugs and/or targeting a^nts act in a combined, additive or synergistic 
manner at a single disease target or at two or more localized receptors. Nucleotide- based 
muliimolecular delivery devices of the instant invenuon comprise at least iwo specific 
recognition pairs functionally coupled in this manner to deliver, target and/or release selected 
molecules and/or selected nucleic acid sequences to selected targets (e.g.. therapeuuc 
10 receptors, environmental, agricultural or food contaminants, pests, or pathogens, chemical 
or biological weaponry , selected sites, receptors or features comprising molecular airays, 
biochips or microminiaturized devices). When used in reference to single-molecule 
detection, functional coupling means to enable detection of an individual complex 
comprising a patr or group of molecules attached by nucleotides or, alternatively, to enable 
15 discrimination of an individual complex comprising a pair of group of molecules attached by 
nucleotides from an uncomplexed molecule or pluralitv of molecules. 

Nucleotide-based templates and/or multimolecular devices of the instant invention 
can also sene as molecular delivery devices by positioning selected molecules without 
functional coupling between the selected molecules. Selected molecules comprising 
20 structural molecules can, for instance, be positioned to pro^ide a useful function which 
results from a microscopic or macroscopic structural effect, e.g., adhesion between two 
surfaces, attachment of a selected molecule to a nanostrucmrxil shape, (e.g., an edge, lip or 
comer) or suengthening, lengthening, thickening, protecting or coloring an eyelash, 
evebrow. nail or hair 

25 In one embodiment, bivalent or multivalent nucleotide-based templates, preferably 

one or multiple defined sequence segments comprising at least t^vo specific binding or shape 
recognition pairs, optionally at least one specific binding or shape recognition pair plus one 
pair of hybridizaMe nucleotide sequences, are designed for use as adhesives. Adhesives may 
be used, e.g., for assembling, attaching, packing and sealing parts, products, packages and 
30 packing materials, e.g., by bonding m-o amphibious surfaces together. They may also be 
used to specifically bind or hybridize a selected molecule to an amphibious surface. For 
example, cosmetic'adhesives disclosed herein may be used to specifically bind or hybridize 
eyeliners, thickeners and lengtheners eyelashes and eyebro«-s or, alternatively, polishes and 
su-engthening agents to fingernails and toenails. 
35 When used in reference to multimolecular adhesive attachment, surface means an 

amphibious surface. Amphibious surfaces are cither able to operate on land, in air, in 
vacuum, or in Ouids including, but not limited to, gaseous, liquid, aqueous and organic 
solutions and suspensions or in some combination of these environments. They are not 
reagent-binding or analyte-binding separation matrices of speafic binding assays or nucleic 
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acid hybridization assays. A surface is a boundan* in tw o-dimensional or three-dimensional 
space. 

Adhesives of the instant invention are optionally user-responsive or environment- 
responsive, meaning that alter application of adhesi\e(s) to amphibious surface(s), the 
5 surface-bonding (i.e., adhesive) function can be willfully or environmentally triggered (i.e., 
initiated) by a first selected associative stimulus (i.e., an adhesive or bonding stimulus). 
Selected bonding stimuli include, for instance and without limitation, changes in ambient 
temperature, pressure, humidity or light exposure; the willful input or exchange of energy 
(e.g., laser light, photons, darkness, sound, heat, cold, electromagnetic radiation); or 
10 application or removal of a selected nonoligonucleotide molecule (e.g., a solvent, solute, 
ligand, receptor or effector molecule) or oligonucleotide (e.g., a linker oligonucleotide, 
apiamer or hybridizable defined sequence segment). The adhesives are also optionally 
reversible, preferably willfully or environmentally reversible, meaning that bonding can be 
reversed in response to a first dissociative selected stimulus (i.e., an unbending or 
15 antiadhesive stimulus). Unbonding stimuli include, for instance and v\'ithout limitation, 
changes in ambient temperature, pressure, humidit\' or light exposure and/or the willful 
input or exchange of energy, or application or remo\al of a selected nonoligonucleotide 
molecule or oligonucleotide. The unbonding stimulus may be the remo\al, absence or 
dis^pearance of the bonding stimulus (e.g., cooling, darkness, wetness or dryness). 
20 Alternatively, the unbonding stimulus may not be substantively different from the bonding 
stimulus (e.g., use of a solxent to unbond light-induced adhesion). Following unbonding, 
adhesiOT ma\ optionally be restored, preferably by a second bonding stimulus and 
advantageously a repetition of the first bonding stimulus. 

In bonded form, adhesives of the instant invention comprise at least a bivalent 
25 molecule or scaffold comprising at least two specific recognition pairs, at least one specific 
recognition pair being a specific binding or shape recognition pair. A first selected molecule, 
preferably a structural molecule and optionally a su^cairal shape comprising a first 
amphibious surface, is specifically bound and optionally covalenlly crosslinked to a first 
specific recognition site of the molecule or scaffold, optionally a discrete structure 
30 comprising a svntheiic heteropolymer. A second selected molecule, preferably a structural 
molecule and optionally a structural shape comprising a second amphibious surface, is 
specifically bound or hybridized (i.e., via a conjugated oligonucleotide) to the second 
specific recognition site of the molecule or scaffold, optionally covalently crosslinked in 
place following specific binding or hybridization to the molecule or scaffold. In unbonded 
35 fom, adhesives comprise at least a bivalent molecule or scaffold comprising at least two 
specific recognition sites, at least one specific recognition site being a ligand, receptor or a 
defined sequence segment comprising an aptamer. An adhesive svnihetic heteropolvmer, for 
example, comprises, a first defined sequence segment capable of specifically binding a first 
suiiccural molecule of a first amphibious surface, edge or part and a second defined 
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sequence segment capable of either specifically binding a second structural molecule of a 
second amphibious surface or of hybridizing to an immobilized or linker oligonucleotide. A 
second adhesive synthetic heteiopolvmer and/or immobilized oligonucleotide may be applied 
to or attached to the second amphibious surface. 
5 A diverse airav of different molecular adhesive compositions is possible using 

nucleotide-based and nonnucleoude templates. Syntheuc heteropoKiners. multivalent 
heteropolvmeric hvbrid structures, aptameric compositions, and modified nucleoudes 
comprising single or multiple defined sequence segments can bond surfaces by different 
permutations of specific binding, stnictural shape recognition and hybridizanon. Plastic 
10 templates can bond surfaces by specific binding or structural shape recognition. Different 
molecular adhesive formulaUons may be applied either to a first surface or to a second 
surface or to both surfaces to be bonded. 

Mulumolecular adhesives. i.e., molecular adhesives, are molecular bonding or 
attaching devices comprising at least a bivalent molecule or scalfold having at least two 
15 specific recognition sites, at least one being capable of specifically recogmzmg a selected 
molecule and at least one being capable of specifically binding or hybridizing lo an 
amphibious surface. When used in reference to multimolecular adhesive attachment, surface 
means amphibious suri-ace. At least one specific recognition site is capable of specifically 
binding to a first selected molecule, optionally a structural molecule and advantageously a 
20 first stnicwial shape comprising a first surface. The other specif ic recognition site is capable 
of specificallv binding to a second selected molecule, advantageously a second structural 
shape comprising a second surface, or of hybridizing to a selected nucleic acid sequence. 
The selected nucleic acid sequence is preferably immobilized or capable of attaching to a 
solid support, optionally an oligonucleotide, conjugated oligonucleotide, linker 
25 oligonucleotide, defined sequence segment or a svnthetic heteropolymer. The selected 
nucleic acid sequence may be immobilized or capable of attaching to the second surface or to 
a third surface capable of attaching to the second surface, e.g., a microparticle or 
nanoparticle, matrix, layer, membmne, gel, foam, nanostructure or microstructure. The 
second selected molecule, which may be a ligand, receptor, effector or structural molecule, 
30 mav advantageously be a suTictural shape on the second surface which does not occur on the 
first surface. In this way, a bivalem multimolecular adhesive comprising a first strucwral 
shape specifically bound to a fiist specific binding site and a second structural shape 
specificallv bound to a second specific binding site of a molecule or scaffold can be used to 
specificallv and reversiWy bond two surfaces having the same chemical composition. Unlike 
35 conventional riues and adhesives, the mulumolecular adhesive is specifically oriented, 
polarized or sided with respect to the two surfaces, enabling precise titration and control of 
adhesive force betxveen the bonded surfaces. In addition, a bivalent mulumolecular adhesive 
that specificallv binds and attaches a first strucmral shape on a first surface and a second 
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structural shape on a second surface provides an entirely no\ el and commercially \ aluablc 
method for attaching nanometer-scale features on the mo surfaces in register. 

In a preferred embodiment, multimolecular adhesives are designed for use in 
industrial environments, e.g., for alignment and specific attachment of nanoscale features 
5 comprising micromachined surfaces, e.g., physical and chemical sensors^ semiconductors, 
microeleciromechanical systems (MEMS) and MEMS devices, nanoelecinDmechanical 
systems (NEMS) and NEMS devices and ultrafasi molecular computers. Because industrial- 
use MEMS and NEMS devices and associated sensor, actuator and transducer surfaces 
represent extremely harsh and unforgiving environments, nucleotide ligands, nucleotide 
10 receptors, aptamers and hybridizaWe nucleotides are preferred, even required, over more 
readily available ligands and receptors (e.g., antigens, antibodies, a\idin, strepia\ idin, 
lectins, drug and hormone receptors), and receptors and are preferred over specific 
recognition. Protein-based antibodies and recepibrs currently used in diagnostic and 
anal>iical specific binding assays are not sufficiently robust to function for promicted 
15 intervals under the extreme and volatile thermal, chemical and electromechanical conditions 
operative during MEMS manufacture and use. 

A bivalent heieropolymeric multimolecular adhesixe is prepared as follows for 
precise feature-to- I'eature bonding of silicon-etched first and second amphibious surfaces 
comprising a hybrid memorv' device. A first convex tip of the first surface and second 
20 conca\ e pit of the second surface, each having specifically attractive surface features (i.e., a 
recognizable \ ertex and nadir, respectively) are referred to as male and female surfaces. The 
first (i.e., male) amphibious surface comprises a tip feature which is a nanometer-scale 
vertex (i.e., first feamre) of a solid, convex, conical tip on a silicon semiconductor. The 
conical tip has a height of about m o microns and a base diameter of about two microns. The 
25 second amphibious surface comprises a conca\ e, conical pit about two microns in diameter 
at the base (i.e., surface) and about two microns deep at the nadir (i.e., second feature). For 
selection of template recognition elements, an array of corresponding tip vertex and pit nadir 
features is micromachined into a single silicon surface by a combination of lithographic and 
chemical etching techniques well known in the art A diverse nucleic acid librarv" comprising 
30 random-sequence single-stranded nucleotides (with fixed primer-annealing sequences) 
labeled to high specific activity with rhodamine is screened and selected for a first defined 
sequence segment capable of specifically recognizing the first surface feature (i.e., conical 
lip \ enex) and a second defined sequence segment capable of specifically recognizing the 
second surface feature (i.e., concave pit nadir) in a selected solvent system. 
35 Counterselection is performed using unmachined and polished silicon wafers. Specific 
recognition of rhodamine-labeled nucleotides to first and second surface features is delected 
by continuous wave laser excitation with fiuorescence detection (e.g., Soper ei al. (1991) 
AnaL Chem. 6i:432-437) coupled with AFM. Surface feature-bound nucleoudes are then 
imaged, isolated, extracted, amplified and sequenced by single-molecule detecuon methods 
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disclosed herein. Single-molecule imaging is achieved by AFM (Radmacher ei ai. (1992) 
Ultramicroscopy 42-44.9GS). A bivalent heieiopoKTneric templaie comprising the first and 
second defined sequence is synthesized on an automated DNA synthesizer, opuonally 
including rhodamine-modified nucleotides to enable evaluation of template binding lo first 
5 and second surface features! The adheave properties of the template are evaluated by 
utration of templates onto the first or second surface followed by an aspiration and/or 
xvashing to remove excess. Following validation, the heteropolymeric template is 
advantageously converted into a nonnucleotide medium b> two cycles of molecular 
imprinting (e.g., Ramstr5m et al. ( 1993) J. Org. Chem. 58:7562-7564; Shea et al. ( 1993) 7. 
10 Am. Chem. Soc. 775:3368-3369) or nucleotide-nonnucleoude transposition as disclosed 
elsewhere herem. Alternatively, two hybridizable templates are synthesized, each 
comprising a first defined sequence segment capable of specifically binding one smface 
feature. Each template is then specifically attached to its corresponding suri^ace feature, and 
the surfaces are attached to one another by hybridization of complementary second defined 
15 sequence segments. Whether accomplished by a single hcteiDpoUineric template, an 
imprinted plasUc template or two hybridizable synthetic heteropolymers, specific recognition 
of two different structuial shapes (i.e., surface features) by a single discrete structure or 
bivalent template enables attachment of corresponding surfaces in proper register. 

Templates can also be designed to specifically recognize biological structural 
20 molecules, e.g., keratin comprising hair and nails, for precise and specific binding of safe, 
lasting, yet reversible cosmetic dyes, pigments and liners. The ability of shape recognition 
partners to specifically recognize structural shapes on biological suri"aces e.g., teeth, skin, 
hair, bone, nails, scar tissue, provides unique opportunities for deliver> ol" targeted 
pharmaceutical and cosmeceutical devices. Applications for surface-specific and shape- 
25 specific MOLECULAR MACHINES in agriculture, \eterinar>, environmental, military and 
industrial settings abound. 

Specific recognition of surface features as described herein differs from specific 
binding as known in the art, and the distinction has imponani practical implications. Unlike 
specific binding, suri^ace attractivity is not competitively inhibited by molecules having the 
30 same chemical identit>- as sUTicwral molecules comprising a selected surface feature. Nor is 
crossreactivitv' observed with congeners and/or solution phase molecules that are structural 
analogs of molecules comprising a selected surf-ace feature. As emerging nanofabrication 
techniques enable progressively more precise machining of an expanding assortment of 
different stnictural shapes at the nanometer-scale, the diversity of specific surface 
35 attractiviues described herein will evolve into a catalog of usefully distinct and targetable 
surface features. Highly diverse molecular shape libraries, advantageously paired 
nucleotide-nonnucleotide libraries of the instant invention, can be used to select recognition 
elements capable of targeting SNiithetic and/or nanofabricated surface leatures comprising 
chemically bland surfaces (e.g., silicon, galhum arsenide, syiithetic metals, synthetic 
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semiconductors, insulators) and nanostructures comprising or attaching to chemically bland 
surfaces (e.g., buckyballs, carbon nanoiubes, carbon nanorods and molecular-scale devices, 
e.g., wires, gales, channels and switches). In other words, as current bulk material 
processing and microfabricalion technologies evolve toward the molecular level (i.e., 
5 nanometer-scale precision), the ability to design, select, sculpt, shape, imprint, graft and 
template specifically recognizable surface features into chemicali>- bland materials can evolve 
concurrently. Selection of molecular shape libraries for the abilii\ lo specifically recogmze 
emerging surface features enables feature-specific iniegraiion of selected molecules and 
surface materials. Conversely, surface librarv' selection techniques disclosed herein enable 
10 selection of specifically attractive surfaces for attachment of selected molecules, 
advantageously template-directed molecules comprising .MOLECULAR MACHINES. 
Bridging the dimensional gap between molecules and substrate materials are the instant 
MOLECULAR MACHINES as well as nanostructures haNing discrete three-dimensional 
architectures, e.g., buckyballs. carbon nanoiubes and carbon nanorods. Nucleoiide-based 
15 and nonnucleolide segments, templates and MOLECULAR MACHINES of the instant 
invention enable the functional diversification of chemicalK bland materials and diamondoid 
nanostructures by specific recognition of heretofore undescribed surface features. 

Multimolecular adherents, i.e., molecular adherents, are molecular bonding or 
attaching devices comprising a specific recognition element (i.e., probe) attached lo a first 
20 selected molecule, wherein the specific recogniticxi element is capable of attaching the first 
selected molecule to a second selected molecule comprising a surface. In a preferred mode of 
operation, the second selected molecule is a structural molecule comprising an amphibious 
surface. In a particulariy preferred aspect, the second selected molecule is a surface feature 
comprising either an amphibious or nonamphibious suri"ace and the specific recognition 
25 probe is a shape-specific probe. 

A molecular adsorbent, i.e., mimetic adsorbent, is a solid phase, material, surface 
or structure comprising or attaching to a MOLECULAR MACHINE or ha\ ing a recognition 
propert>* inurduced by grafting, templating, copying, imprinting or transposing a segment, 
template or MOLECULAR MACHINE, or having a recognition propeny identified b\ 
30 screening and/or selection of a surface Iibrar\^ for a specifically atu^tive surface feature. 
Mimetic adsorbents of the invention, i.e., molecular adsorbents mimicking a heretofore 
known molecular recognition propeny. provide the art with materials and surfaces having 
solid phase recognition properties heretofore achieved only by immobilization of selected 
molecules or nucleic acid sequences, e.g., by covalent attachment of a recognition molecule 
35 {e.g., an enz>Tne, ligand, receptor or DNA probe) to a solid phase or. by specific binding or 
hybridization of a selected molecule or selected nucleic acid sequence to an immobilized 
recognition molecule. The instant invention provides methods for surface grafting, surface 
templating, surface feature selection and template-guided surface feature fabrication (i.e., 
using immobilized selected molecules as recogmiion shape templates). These methods for 
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fabncaung, grafting and lemplating recognition properties into surfaces are broadly enabling 
tor development of designer adsorbents useful as immunosorbents, affimtv- matnces, 
chromatographv supports, and, more generally, separation media for analytical, diagnostic 
and preparative fractionation, purification and processing. Molecular adsorbents are also 
5 particulariv useful for solid phase assembly of the instant MOLECULAR MACHINES, 
e.g., using specific recognition as a means for site-directed surface attachment of a selected 
molecule, segment or template comprising a MOLECULAR MACHINE. 

In adsorbing a selected target molecule to an acceptor surface, a molecular 
adsorbent is also capable of removing the selected target molecule from a donor surface 
10 (i.e., the target surface). For example, molecular adsorbents comprising plaque-binding, 
microbe-binding, dust-binding, pollen-binding, toxin-binding, grease-binding, oil-binding, 
or even rust- or paint-binding recognition properties can be used to remove unwanted 
substances fiom target surfaces, e.g.. dental enamel, dental appliances, microelectronic 
devices, consumer products, machine components and painted, coated, rusted, oiled or 
15 contaminated surfaces. The acceptor surface may comprise or attach a cleaning device, 
material or tool, e.g.. a brush, sponge, pad. cloth, abrasive or porous surface, and may 
further comprise one or more catalytic recognition elements capable of facilitaung the 
degradation, digestion or detoxification of adsorbed target molecules. 

Multimolecular lubricants, i.e., molecular lubricants are MOLECULAR 
20 MACHINES capable of modulating the interaction between two suifaces by means of a 
segment-diiected or template-directed selected molecule and/or selected nucleic acid 
sequence, preferably a structural molecule (e.g.. a buckyball. carbon nanonibe. carbon 
nanortxi. poKmer. surfactant or glass) or an effector molecule (e.g., a colloid, nanosphere, 
microsphere or molecular ball bearing), and more preferably a structural molecule or effector 
25 molecule comprising or attaching to a recognition molecule (e.g., an oligonucleotide, ligand 
or receptor) which is capable or binding at least one surface feature or surface-attached 
selected molecule, segment or template. In a preferred mode of operation, a multimolecular 
lubricant comprises a first selected molecule (e.g., a nanosphere) that serA'es as a rigid or 
pliable spacer bemeen wo surf-aces and an attached second selected molecule (e.g., an 
30 oligonucleotide or ligand) that specifically recognizes, weakly binds, specifically binds, 
hvbridizes, tethers, or ratchets the selected molecule to at least one of the two suifaces. In 
this wav, the friction between the two suifaces can be controlled by coselection of the type 
and number of lecognition molecules per multimolecular lubricant and the tNpe and number 
of multimolecular lubricants between the surfaces. In a particularly prefeired mode ol 
35 operation, the recogniUon molecules comprise a plurality of oligonucleotides or impnnted 
segments ratcheted to variably complementary immobilized oligonucleotides or variably 
attractive surface features or surf-ace-immobilized selected molecules, segments or templates, 
wherein the sequential association and dissociation of weakly attiactive binding pairs results 
in net movement of one surf^ace relative to another, i.e., directional motion. 
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Funciional coupling includes electrOT ttansfer in and through nucleic acid 
molecules. Donor-acceptor coupling in DNA has been described (e.g.. Risser et al. (1993) 
J. Am. Chem. Soc 775:2508-2510). Long-range phoioinduced election transfer through 
DNA has also been reported (e.g.. Murphy et al. ( 1993) Science 262: 1025-1029), although 
5 the conductive properties of DNA have not been definiti\ely established. The electron 
tunneling reactions swdied rely upon photoexcitation of a donor species and quenching by 
electron transfer to an acceptor. Heciron tunneling mediated by the DNA double helix 
appeared to be relatively long-range, with separauon distances up to 40 angsu-oms. 
Propagation of electronic coupling through DNA remains controversial, because reported 
1 0 ninneling rates as a function of distance conflict with theoretical expectations. Regardless of 
the still-unresolved question as to the insulating or conducting properties of DNA. electron 
uansfer between selected molecules specifically bound to DNA has not heretofore been 
reported. Functional coupling as described herein between pairs or groups of selected 
molecules specifically bound to defined sequence segments, modified nucleotides or 
15 nucleotide analogs comprising multimolecular devices and tethered molecules includes but 
does not require electron transfer through nucleotides. Functional coupling as disclosed 
herein is achieved by specifically binding a selected molecule (e.g.. a donor or acceptor , 
species) to a defined sequence segment comprising a multimolecular device. The specifically 
bound selected molecule (e.g.. a donor or acceptor) may subsequently be covalently attached 
20 to the defined sequence segment, but such covalent attachment is optional. The dcMior and 
acceptor species are selected from the group consisting of molecular effectors (i.e.. effector 
molecules), advantageously signal-generating species. Some, but not all, signal-geneiating 
species are capaWe of useful electron uansfer reactions. Others participate in functional 
coupling that does not involve electron uansfer. For functional coupling of elecuon 
25 transferring effector molecules of the instant in\eniion (e.g., electroacti\ e compounds, 
redox proteins, redox enzymes, redox mediators, cytochromes), electfon tunneling through 
DNA may be exploited if useful, but such tunneling is not required. Alternatively, the 
insulating properties of nucleic acids may be exploited, if useful, to maximize the efficiencN 
of functional coupling between donor and acceptor species. 
30 The functiOTal coupling described herein relies on specific binding of at least one 

selected molecule (i.e., a donor or acceptor species) in close spatial proximity to a second 
selected molecule comprising or attached to a defined sequence segment Hectronic coupling 
between electroactive effectors of the instant invention is preferably achieved by intimate 
proximity between the nucleotide-posiiioned donor and acceptor species, preferably 
35 sustained intimate contact Sustained intimate contact may be achieved by covalently 
attaching the nucleotide-posiiioned donor and acceptor species to one another or, optionally, 
covalently attaching donor or acceptor species to one or more nucleotides. 

Functional coupling does not refer to specific tending between two molecules 
and/or nucleic acid sequences, nor does it refer to hybridizauon between complementar> 
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nucleic acid sequences, nor does it lefcr lo the action of a catal>-st or enzyme on its substrate 
or similarlv. the action of a cofactor. coenzyme, prosthetic group or product of an enzyme 
molecule on the same enzyme molecule, nor does it refer, more generally, to the mteracaon 
between anv two members of a pair of molecules heretofore known to spec.ncally bmd. 
hvbridize. recognize or spontaneously attract or attach one another, e.g. as a cation mteiacts 
with an anion or a chelator interacts with a metal. In other words, a ligand is not funcaonally 
coupled to its receptor, nor is a ligand-receptor complex funcuonally coupled, nor does the 
binding bet>.een a ligand and its receptor entail functional coupling as these terms are 

defined herein. a* 

A first selected molecule or group of molecules or nucleic acid sequence is said to 
be funciionallv coupled to a second selected molecule or group of molecules or nucleic add 
sequence or to a device (e.g.. a sensor, transducer or acwator) when a photon, electron, 
property, activity, mass or energy of the first selected molecule or group of molecules or 
nucleic'acid sequence is transferred to or from a second selected molecule or group ot 
15 molecules or nucleic acid sequence or to a device. Such functional coupling includes, for 
example, the participation of selected molecules or nucleic acid sequences as effector 
^ molecules, signal-generating molecules, donors or acceptors of mass (e.g.. precursors, 
cofactors or products) or energy (e.g., electrons, photons, or ladiationless transfer), 
reactants. substrates, cofactors. coenzymes, prosthetic groups, catalysts or intermediates in 
20 chemical or enzymatic reactions, including, electrochemical, photochemical and 

mechanochemical processes. 

Actuator means any device or process capable of providing or performing useful 
work (i e a desirable result) in response to a stimulus, e.g.. an input from a user, operator, 
environment, sensor or transducer, particularly useful work resulting from or mediated by 
25 the binding or acti>'it>- of a selected molecule or group of molecules or nucleic acid sequence 
comprising a multimolecular device. 

Actuators of the invention further include devices which compose, attach, are 
functionally couple to or are capable of functionally coupling to MOLECULAR 
MACHINES of the invention, particularly paired MOLECULAR MACHINES and 
30 advantageously systems comprising pairs or networks of paired MOLECULAR 
MACHINES. 

Particularly useful nudeotide-based multimolecular devices of the instant invention 
that relv on functional coupling as described herein indude soluble and immobilized 
multimolecular switches, multimolecular transducers, multimolecular sensors and 
35 multimolecular delivery systems comprising oligonudeotides, aptamers or synthetic 
heteropolvmers attadied to selected molecules, selected nucleic add sequences or 
conjugates. Multimolecular devices indude, e.g., multimolecular switches, mulumolecular 
sensors multimdecular transducers, multimolecular drug delivery systems, nudeoude- 
based molecular deUverv systems and tethered specific recognition devices compnsmg 
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syniheiic nucieotide-based. apiamer-based or heteropolymer-based discrete structures, 
nonnucleotide scaffolds or muluvalent molecular structures. Nucleoude-based means 
comprising at least one svnthctic defined sequence segment. Apiamer-based and aptameric 
mean comprising at least one synthetic aptamer. Heteropoh-raer-based and heteropdymeric 
5 mean comprising at least one synthetic heteropolymer. 

The positioning of selected molecules and selected nucleic acid sequences 
comprising multimolecular devices disclosed herein relies upon molecular recognition (i.e.. 
specific binding of a selected molecule or hybridization of a selected nucleic aad sequence to 
a nucleotide or defined sequence segment comprising the multimolecular device) or 
10 structural shape recognition (i.e.. specific recognition of a stnictural shape or surface 
feature). Once specifically attached (e.g., specifically bound or hybridized) to a nucleotide or 
defined sequence segment comprising a multimolecular de> ice, selected molecules and/or 
selected nucleic acid sequences may further be covalendy attached to one or more 
nucleotides (including modified nucleotides, nucleotide analogs, nucleotide ligands, 
15 nucleotide receptees and associated, conjugated or attached molecules and functional groups) 
comprising the nucleotide or defined sequence segment. Selected molecules or selected 
nucleic acid sequences specifically bound or hybridized to nucleotides comprising a 
multimolecular device may optionally be covalently attached to one another or to one or more 
nucleotides comprising a defined sequence segment of the multimolecular device (e.g., 
20 using crosslinking reagents, enzv-mes and/or irradiation) to stabilize the multimolecular 
device against dissociation or denaturaUon of specifically bound molecules or hybridized 
nucleic acid sequences. Covalent conjugation of nucleotideordered selected molecules can 
also be used to enhance funaional coupling between the selected molecules, enabling 
efficient communicaoon between donor and acceptor molecules, preferably radiauonless and 
25 ladiative energ>- transfer and including direct elecux)nic coupUng. Co\ alent attachment to a 
defined sequence segment comprising a multimolecular de\ice is preferably directed to a 
particular functional group, optionally a pair or group of functional groups, comprising a 
single nucleotide, modified nucleotide, nucleotide position, nucleotide analog, t\pe of 
nucleotide or group of nucleotides. Covalent attachment to a selected molecule, selected 
30 nucleic acid sequence or conjugate comprising multiple funcu<»tal groups and/or multiple 
types of functional groups (e.g., a macromolecule. polymer or conjugate such as a protein 
or protein-ligand conjugate) may be advantageously directed to a single functional group, 
pair or group of functional groups that is uniquely represented or preferentially accessible or 
addressable (e.g., for steric. electrostatic, conformational or kinetic reasons) in the selected 
35 molecule, selected nucleic acid sequence or conjugate. Covalent attachment of nucleotides or 
selected molecules comprising a multimolecular device is preferably achieved by selectively 
modifying particular or unique functional groups on the nucleotides and/or selected 
molecules to be covalenUy conjugated, e.g.. by site-directed modification as- known in the 
art (e.g., Rsch et al. (1992) Bioconjugate Chemistry J: 147- 153; Gaertrier et al. (1992) 
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Bioconjugate Chemistry i:262-268; Offord (1990) In: Protein Design and Development of 
New Therapeutics and Vaccines (Eds. J.B. Hook and G. Paste). Nw York: Plenum, pp. 
252-282). Aliemaiively. regiospecific covalent attachment of specifically bound or 
hybridized molecules may be achieved by exploiting the favored reaction kinetics between 
5 functional groups on closely appioaching surfaces of the bound molecules. Reaction 
conditions can be adjusted to preferentially bond functional groups in nearest muwal 
proximity, e.g., by selecting a rapid-acting, zero-length or short-spacer, advantageously 
photoactivatable, heteiobifunctional crosslinker and optimizing reaction conditions (e.g.. 
crosslinker selection, incubation time, temperamre. pH and buffer conditions, reagent 
10 concentrations, phoioactivation protocol) to drive bonding between lunctional groups on 
docking surfaces in favor of more distant interactions. 

The process of specifically binding a selected molecule to a defined sequence 
segment or nucleotide compnsing a defined sequence segmem (e.g., a modified nucleotide, 
nucleotide analog, nucleotide ligand or nucleotide receptor) followed by site-specific 
15 covalem attachment represents a generally useful method for site-directed covalent 
conjugation, particularly for complex maciomoleculcs (e.g., particularly proteins and 
polymers) lacking a unique and accessible reactive group. A defined sequence segmem. 
nudeotide ligand or nucleotide receptor selected for the abilit> to specifically bind a defined 
epitope of a first selected molecule (even one having no heretofore known specific binding 
20 partner, e.g.. a novel macromolecular fiuorescent donor signal-generating species 
comprising multiple chromophores) is first conjugated to a second selected molecule (e.g., a 
luminescem acceptor signal-generating species) by methods known in the art. High intensit>- 
nuorescem microspheres comprising multiple energy-transferring dyes with suitable spectral 
overiap to >ield a single emission peak at a selected wavelength are commercially available, 
25 as are high molecular weight fluorescent proteins and dextrans (e.g.. Molecular Probes. 
Eugene OR). The conjugated product is a luminescent acceptor-fluorescent signal-generating 
species conjugate capable of specifically binding to a defined epitope of the novel donor 
signal-generating species. The defined sequence segmem conjugated to the luminescem 
acceptor is capable of specifically binding the conjugated luminescent acceptor lo the novel 
30 macromolecular fluorescem donor to produce a noncovalem donor-acceptor conjugate. 
Covalem site-specific attachmem of the specifically bound fluorescent donor to functional 
groups on the luminescem acceptor conjugate vields a covalent donor-acceptor conjugate 
with defined composition (i.e.. one defined sequence segment, one donor and one acceptor 
per covalem conjugate). The same approach may be practiced using nonaptameric 
35 nucleotides, e.g., modified nucleotides, nucleotide ligands or nucleotide receptors, to 
prepare covalent conjugates of selected molecules, preferably functionally coupled selected 
molecules comprising multimdecular devices. A particular prefened embodiment of site- 
directed covalent conjugation involves nucleotide-dependem positioning of at least two 
selected molecules specifically bound to defined positions of a heteropolymeric, aptamenc or 
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nonaptameric multimolecular device followed by covalenU siie-directed anachmeni of the 
selected molecules to one another or to nucleotides comprising the multimolecular device. 
Covalent attachment of the selected molecules to one another is particularly useful for 
preparation of stable, reproducible conjugates with well-defmed composition (i.e.. specific 

5 activity), preferably heieroconjugates comprising at least one macromolecule. more 
preferably heieroconjugates comprising a first selected molecule regiospecifically conjugated 
to a second selected molecule. Covalent conjugation of nucleotide-positioned effector 
molecules also provides sustained intimate contact between the effector molecules, enabling 
maximally efficient functional coupling (e.g.. radiative and nonradiative energy tfansfer), 

10 mcluding resonance energy transfer and. advantageously, electronic coupling. Electronic 
coupling means single-electron transfer and coupling mediated by direct, through-space 
overlap of the relevant orbitals of the donor(s) and acceptor and by through-bond 
superexchange(s) and may occur by single-step or multistep processes within a molecule or 
between molecules positiwied by noncovalent interaction(s) or, preferably, covalent 

15 bonding. 

Nucleotide-dependent molecular positioning, nudeoude-dependent positioning and 
nucleotide-positioned mean positioning dependent on attachment to a nucleotide comprising 
a defined sequence segment or attachment to a defined sequence segment comprising a 
nucleotide of a discrete sttiicture and dependent on the position of the nucleotide comprising 
20 tiie defined sequence segment or die position of Uie defined sequence segment comprising 
the nucleotide of the discrete structure. Nucleotide-dependent functional coupling means 
functional coupling dependent on or brought about by attachment to a nucleotide comprising 
a discrete structure. Nucleotide-directed, nucleotide-ordered. and nucleotide template- 
ordered mean nucleotide-dependent molecular positioning, nucleotide-dependent functional 
25 coupling and/or the preparation, properties or use of nucleotide-based multimolecular 
devices. Also included are nucleotide and nonnucleotide replicates, clones, mimetics, 
impnnis and conjugates of nucleotide-ordered multimolecular de\'jces, including nucleotide 
and nonnucleotide replicates, clones, mimetics, impnnts and conjugates thereof. 
Replication, cloning and mimicking include, without limitation, copies, mimetics, analogs, 
30 \ ariants and progeny prepared, selected and/or evolved with varying degrees of fidelity by 
rational! combinatorial and/or landomized design, screening and selection methods including 
but not limited to diiwted molecular evolution, advantageously including directed 
supramolecular evolution. Genetic, enzymatic and chenucal meUiods for in vitro and in vivo 
evolution of nucleotides and products of nucleotide ttanscription and expression are known 
35 in the an and will themselves evolve to suit the purposes of the instant invention. 

It will be apparent to the skilled artisan on reading Uiis disclosure that die 
replicative properties of nucleotides are enabling for de\elopment of self-replicating 
templates. It is also the self-replicating properties of nucleotides that renders- them uniquely 
useful in high-resolution screening and selection of vastiy diverse nucleotide and nudeotide- 
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encoded chemical libraries for aptamets. nucleotide ligands. nucleoude receptors, nucleoiide 
shape probes and paii^ of these useful recognition partners, advantageously including 
catalviic nucleotides and catalytic nonnucleotide recognition partners. The mvenuve step, 
however .n capitalizing on these wonderfully ramifying properties of nucleoudes is smgle- 
5 molecule detection and characterization, i.e., the ability to delect individual complexes 
comprising a selected nucleic acid molecule and its target The selected nucleic acid molecule 
mav be an aptamer, a nucleotide ligand, a nucleotide receptor, an aptameric or nonaptamenc 
shaJpe recogniuon partner, or even a nomiucleotide ligand or nucleotide receptor compnsmg 
a nucleotide-encoded chemical library. Single-molecule amplification of the selected probe 
10 and/or single-molecule sequencing followed by amplification provides a singulariy unique 
ttXJl for exploring diverse chemical, nucleotide sequence and shape recogmuon libraries m a 
manner untenable with nonamplifiable chemical or polymeric libraries. 

The instant invention is therefore drawn in part to the useful method of applying 
smgle-molecule detection to the screening and selection of a mixture of nucleoude or 
15 nonnucleotide molecules, preferably a highly diverse mi.xture of molecules that can be 
characterized bv single molecule detection. In a most referred mode of operation, the highly 
diverse mixture comprises molecules or nucleotides that can be replicated, enabling their 
precise chemical characterization. In a preferred embodiment, the librarN- comprises a 
mixture of nucleic adds, preferably randomized or varied on an arbitrarv'. random or 
20 combinatorial fashion with respect 1) length 2) sequence. 3) backbone composition, 4) 
precursor nucleotide composition 5) chemical or functional groups added at a single 
nucleotide comprising 6) chemical or functional groups at a second nudeottde posiuon, 7) 
distance or number of nucleotides between first and second posiuons. In a pamculariy 
preferred mode of operation, selection is achieved b>- incorporation into approximately each 
25 molecule of the mixwre a preselected donor or acceptor spedes, enabling selecoon for a 
second molecule or sequence comprising selected molecules whidi is capable of funcuomng 
as an acceptor or donor (i.e., functionally coupling) to the preselected first molecule in a 
manner dependent on intimate spatial proximity, i.e., intramolecular or mtraassembly 
coupling. The selected molecule or nucleic add sequence segment may compnse a probe 
30 (e.g.. a ligand, receptor, aptamer, shape recognition partner) or a catalytic recogmuon 
partner (e.g.., a riboz%-me. catalytic DNA, enzyme or catalyst) and may be a sequence of 
nudeotides (e.g., an aptamer, ribozyme or catalytic DNA molecule) or a nomiucleotide 
molecule (e.g., a selected molecule), preferably a heretofore unknown and selectable 
nucleotide or ncainucleotide molectile. 
35 The invention is also drawn to a method for selecting a recognition element (e.g.. 

an aptamer, ligand. receptor or catalytic spedes) from a diverse mixture of prefeiaWy 
amplifiable molecules (e.g., a nucleic add library) comprising a preselected specific 
recognition partner or probe (i.e...an aptamer, nudeotide ligand, nucleotide receptor, shape 
recognition partner) or catalytic recognition partner (e.g.. a ribozyme, a catalyuc DNA 
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sequence, catalyst or enzyme) anached to a fixed-posiuon nucleotide or sequence, optionally 
by specific binding or hybridization. The preselected recognition partner is preferably an 
effector molecule, more preferably an effector molecule or conjugate comprising a donor or 
acceptor signal-generating species. The library is then selected for a second, heretofore 

5 undiscovered probe or catalyst comprising or binding to a selected donor or acceptor 
molecule or nucleic acid sequence. Selection is directed toward a delectable signal resulting 
from functional coupling brought about by the spatial proximit\ of preselected and selected 
recognition partners comprising a single discrete structure. Functional coupling is detected 
by single-molecule sequencing and amplification as disclosed herein. It will be apparent to 

1 0 the skilled anisan on reading this disclosure that high-resolution selection of a highly diverse 
librarv (e.g.. greater than 10»2 and preferably greater than about 10»5 molecules) based 
upon functional coupling between Hrst and second donor and acceptor species cannot be 
achieved sans single-molecule detection. Discrimination of functional coupling witiiin a 
single multimolecular strucmre requires the ability to resolve wiUi single-molecule sensitivii> 

15 the interacticHi between donor and acceptor species comprising the single multimolecular 
structure. 

Two or more selected recognition elements can be combined witiun a single 
multimolecular suxicture to provide a useful syntiietic template of the instant invention, i.e., 
a bivalent or multivalent template capable of assembUng nucleotide and nonnucleotide 
20 molecules, advantageously positioning the molecules for additive, combined, cooperative or 
synergistic interaction, i.e., template-directed molecular positioning and/or functional 
coupling. 

Nucleotide templates are combinations of defined sequence segments capable of 
attaching at least two selected molecules to one another, wherein the template is capable of 
25 specifically recognizing at least one of the selected molecules. The other selected molecule 
may be specifically, covalenUy or pseudoirreversibly attached to tiie template. Nucleotide 
templates can be transcribed, amplified, replicated and impnnted to provide clones, 
replicates, mimetics, imprints, conjugates and progeny tiierefrom, including nucleotide or 
nonnucleotide molecular templates. Templates may be SNTtthesized ab initio from nucleotide 

30 or nonnucleotide precursors, i.e., molecules, monomers or polymers, or they may prepared 
by chemical and/or enzNmatic methods known in the art, or they may prepared b\' cloning, 
replication, transcription, imprinting, or in vitro amplification, optiraially including iterative 
cycles of willful infidelity and/or directed evoluticm. 

Selected recognition elements, templates, multimolecular stfuctures and 

35 multimolecular devices may also be immobilized, insolubilized, attached to or operatively 
associated with an insoluble, partially insoluble, colloidal, particulate, dispersed or 
suspended substance, and/or a dehydrated or solid phase comprising a solid support. Solid 
supports include immobilization matrices, insolubilized substances, sojid phases, surfaces, 
substrates, layers, coatings, transducers and transducer surfaces, wovdn or nonwoven 
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Hbers matnces, cr^•stals, membranes, liposomes, N esicles, gels, sols, colloids, insoluble 
polvmers. plastics', glass, biological, biocompatible, bioe^xliWe and biodegradable 
polymers and matnces, suspensions, precipitates, microparticles. nanopamcles, 
mic'rostnictures and nanostructures. Commonly used solid phases include monolayers, 
5 bilavers vesicles, liposomes and cell membranes or fixed cells, commercial membranes, 
resins beads, matrices, fibers, chromatography supports and other separation media, 
hvdiogels, foams, polymers, plastics, microparticles. nanopanicles, glass, silicon and other 
semiconductor substrates. Microstructures and nanostrucmres include, without hmitauon. 
microminiaturized, nanometer-scale and supramolecular probes, tips, bars, pegs, plugs, 
LO rods sleeves, wires, filaments, tubes, ropes, tentacles, tethers, chains, capillaries, vessels, 
walls edges, comers, seals, pumps, channels, lips, sippers. lattices, trellises, gnds, arrays, 
cantilevers, gears, rollers, knobs, steps, steppers, rotors, arms, teetii, ratchets, zippers, 
fasteners, clutches, bearings, sprockets, pulleys, levers, inclined planes, cords, belts, cams, 
cranks wheels. aMes, rotating wheels, springs, nuts, screws, bolts, shafts, pistons, 
15 cvlinders, bearings, motors, generators, gates, locks, keys, solenoids, coils, switches, 
sensors transducers, actuators, insulators, capacitors, transistors, resistors, 
semiconductors, diodes, electrodes, cells, antemiae. appendages, cages, hosts, capsules, 
sieves coatings, knedels. ultrafme particles and powders and micromachined and 
nanofabricated substrates, surfaces, layers, films, polymers, membranes and pans indudmg 
20 stauonar^•, mobile, attached, tethered, ratcheted and robotic structures, devices, machines, 
components, elements and features. The attachmem may be covalem or noncovalent. 
specific or nonspecific. The metiiod of attachment may be optimized to achieve a preferred 
onentation of a svnthetic heteropolymer. defined sequence segment, discrete structure, 
nucleotide-based mulumolecular de^'ice or specificaUy bound or hybridized selected 
25 molecule or selected nucleic add sequence. For some applications, it may be desirable that a 
svnthetic heteropolNTner. defined sequence segmenu multimolecular structtire or a selected 
molecule or selected nucleic acid sequence capable of specifically binding or hybridizing a 
multimolecular strucwre be attached to a solid support in an array, preferably an ordered 
airav such as a grid or other pattern, and optionally a three-dimensional array, e.g., an array 
30 com'prising multiple layers of molecules, nucleotides, multimolecular smicmres or 
multimolecular devices. For other applications, it may be desirable tiiat multimolecular 
struaures immobilized to a solid support comprise an array of nucleotides, opuonally 
a^bitraI^ or randomized sequences or an arbitrarily or randomly arranged array or library of 
sequences, e.g.. a cDNA array or a library of hybridizaWe or complementar>' sequences. 
35 Atravs, grids, supramolecular assemblies, tiiree-dimensional lattices or otiier patterns of 
immobilized molecules or defined sequence segments comprising synthetic heteiopolymers. 
multivalem heteropolymeric hybrid strucmies and nucleotide-based or nomiucleotide 
multimolecular strucmres can be achieved either by suri^ace deposition of defined sequence 
segments, selected nucleic acid sequences or selected molecules (i.e.. ligands, receptors. 
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siniciural or effector molecules) or by in situ SNuthesis of selected molecules or polv-mers on 
solid supports. 

Attachment surfaces may be modified by covalent and noncovalent techniques such 
as photochemical coupling, plasma treaunent, chemical etching, chemical grafting and 
5 miciomachining processes which are well known in the an such as lithography, thin film 
deposition, wet and dry substrate etching, plating, bonding, fusion, templating, injection 
molding, and the like. Defined sequence segments, selected molecules or selected nucleic 
acid sequences comprising synthetic heteropoK'mers. discrete structures and multimolecular 
structures of the instant invention may be localized at or near a transducer surface by 
10 methods including, but not limited to, covalent attachment, hybridization, specific binding. , 
adsorption, encapsulation, controlled deposition and/or self-assembly. Alternatively, a 
defined sequence segment, selected nucleic acid sequence, or selected molecule (e.g., a 
peptide ligand or receptor) can be synthesized on a surface in situ (e.g., Fodor et al. ( 1991) 
Science, 257:767-772) followed by specific binding or hybridization of a selected molecule, 
15 selected nucleic acid sequence or defined sequence segment comprising a nucleotide-based 
discrete struaure. In addition to surface attachment, svniheiic heteropolymers, discrete 
structures and multimolecular devices may be incorporated or encapsulated within a 
transducer, e.g., a microvesicle. microparticle, liposome, monolayer, membrane, film, gel 
or polymer. Multimolecular devices embedded, entrapped or incorporated in this manner can 
20 be used to transfer mass, energy, electrons or photons or perform useful work across a 
membrane or within a segregated phase, environment or vessel. Methods for embedding, 
entrapping and attaching substances using lipids, micelles, liposomes, membranes and 
membrane mimetics are well known in the art (e.g., Betageri et ai. (1993) Liposome Drug 
Delivery Systems, Technomic Publishing Company. Lancaster PA; Gregoriadis, G. (Ed.) 
25 (1993) Uposome Technology, Volumes 1. 2 and 3, Boca Raton. FL, CRC Press). A wide 
vaiiet>- of established techniques may be used to prepare or modif\ attachment surfaces, 
including, but not limited to, addition of amino groups by fuming of nitrous acid. 
bromoacet> lauon, oxidation by use of plasma, ultraviolet light or an electron beam as energy 
source in the presence of oxygen and air. chemical grafting, coating with Afunctional 
30 reagents (e.g.. giutaraldehyde) or polymers (e.g., latex), covalent attachment of linker or 
spacer molecules, and noncovalent attachment of affinitN- spacers. Methods for physically 
and chemically patterning surfaces (e.g., by lithography, etching, plasma deposition, 
plating, bonding and templating techniques) and for preparing bioiholecular arrays on 
surfaces (e.g.. by in situ synthesis, robotic dotting and spotting, litiiographic methods such 
35 as photoUthography, piezoelectric and Inkjet technologies) are known in the art (e.g.. 
Drmanac et al. (1989) Genomics 4:114-128; Fodor et al. (1991) Science, 257:767-772; 
CrkvenjakoN et al. (1993) Human Genome Program, U.S. Department of Energy. 
Contractor-Grantee Workshop III. FebTuar>- 7-10, p. 77; Cubicciotti (1993),DNA chips. In: 
Medical & Healthcare Marketplace Guide, MLR Biomedical Information Services. 9th 
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Edition, pp. 1 13-1 15; Pirrung et al. (1993) Human Genome Program. U.S. Department of 
Encrgv. Contractor-Grantee Workshop III , February 7- 10. p. 173). 

In a particular prefcTTed embodiment of the instant invention, one or more 
multimolecular structuns or multimdecular devices is immobilized to a solid support 
5 comprising a transducer, i.e., a device and/or ^ocess capable of converting the output (e.g., 
matter energy and/or heat) of a molecule or group of molecules comprising a mulumolecular 
complex or multimdccular device to a differem form of matter, energv- and/or heat, 
preferably useful work or a detectable signal. Functional coupling bet>.een a mulumolecular 
device of the invention (e.g., a multimolecular transducer, a multimolecular switch or a 
10 multimolecular sensor) and a transducer surface can occur, e.g., by the muisfer of mass, 
energv electrons or photons or by coupled chemical or enz>-matic reactions that share a 
common .mermediate, mediator or shuttle species. Transducers capable of converting 
matter energv. data or information from a first fonn or state to a second form or state, 
mclude. without limitation, electronic, electrical, optical, optoelectronic, electromagncuc, 
15 mechanical, electromechanical, electrochemical, photochemical, thermal and. acousacal 
devices. Transducers include, without Umitation. batteries, marking devices, memory 
dev'ices, mechanical devices, parts, motors and machines, optical fibers and waveguides, 
evanescent waveguides, light-addressable potentiometric devices, photovoltaic devices, 
photoelectric and photochemical and photoelectrochem.cal cells, conducung and 
20 semiconducung substrates, molecular and nanoscale xvires, gates and switches, charge- 
coupled devices, photodiodes. electrical and optoelectronic switches, imaging and storage 
and photosensitive media (e.g.. films, polymers, tapes, slides, crystals and liquid crystals), 
photorefractive devices, displays, optical disks, digital versatile disks, amperometnc and 
potenuometnc electrodes, lon-selective electrodes, field effect transistors, interdigitated 
25 electrodes and other capacitance-based de^ices. piezoelecoic and microgravimetnc devices, 
surface acoustic wave and surface plasmon resonance devices, thermistors, transmitters, 
receivers, signaling devices and the like. These and other transducers, transducuon 
principles and related devices are known to those of skill in the art (e.g., Taylor (1990) 
Biosensors: Technology, Applications, and Markets, Decision Resources, Inc., Buriington 
30 MA). 

Transducers of the invention also include devices which comprise, attach, are 
functionallv coupled to or are capable of functionally coupling to MOLECULAR 
MACHINES of the invention, particularly paired MOLECULAR MACHINES and 
advantageously systems comprising pairs or networks of paired MOLECULAR 
35 MACHINES. Also included aie uansmitters. receivers and remote sensing and signalmg 
devices, including paired devices comprising sensors and/or transducers, advantageously 
paired MOLECULAR MACHINES. Particularly preferred are remote signaling and sensing 
systems comprising networked pairs of paired and functionally couped MOLECULAR 
MACHINES. In a preferred aspect of the instant invenuon. two members compnsing a pair 
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of MOLECULAR MACHINES are functionally coupled to one another by transmission of 
matter, energv or information whose reception docs not require direct physical contact (i.e.. 
attachment) between the member MOLECULAR MACHINES, preferably by transmission 
of a chemical, electrical, electromagnetic or acoustical signal. Where a transducer comprises 
5 a remote signaling and/or remote sensing system, the signaling substance, energy or 
information is considered lo be a component of the transducer s> stem. A pheromone, for 
example, is considered to be a component of a remote signaling system comprising a pair of 
MOLECULAR MACHINES. A first MOLECULAR MACHINE, e.g.. comprising a 
promolecular delivery system and a second MOLECULAR MACHINE, e.g., comprising a 
10 tethered specific recognition device is considered to be functionally coupled bv- a selected 
molecule (e.g.. a pheromone) that is released by the first MOLECULAR MACHINE and 
sensed by Uie second MOLECULAR MACHINE. In this case, the chemical messenger is 
apUy referred to as a transducer interconnecting a transmitter and a receiver comprising 
paired and functionally coupled (i.e., donor and acceptor) MOLECULAR MACHINES. In 
15 this case, it is the intimate proximity- and tight functional coupling of donor and acceptor 
molecules within each MOLECULAR MACHINE ihai ironically enables functional coupling 
between two remote MOLECULAR MACHINES. In other \Nords, intimate proximitv- and 
tight functional coupling at the molecular level is necessary and enabling for functional 
coupling bet^veen paired MOLECULAR MACHINES that are separated in and by space 
20 (i.e., not phvsically unattached to one another). A paired MOLECULAR MACHINE may be 
a single pair of attached and/or functionally coupled MOLECULAR MACHINES or a pair 
of pairs, pair of pairs of pairs, or a dendrimeric network of paired pairs of MOLECULAR 
MACHINES capable of collectively performing a useful function that cannot be performed 
by one member sans die otiier. Two members of a paired MOLECULAR MACHINE ma> 
25 be direcUy attached, indirectly attached or unattached to one another. Advantageously, the 
two members of a pair are functionally coupled, regardless of w hetiier or how they are 
attached. 

Transducers referred to herein typically comprise an organic or inorganic solid 
support, which may be a substrate, particle, matrix, membrane or surf-ace to which effector 

30 molecules comprising nucleotide-based or nonnucleotide multimolecular sunctures can be 
attached either direcUy or through conductive, reflecti^e, transmissive or passive 
intermediate(s) (e.g.. a wire. lead, fiber, connector, interface, layer, channel or conduit). 
Solid supports include, without limitation, inorganic substrates such as silicon, silica, 
silicates, plastics, polymers, graphite and metals used in microfabrication of integrated 

35 circuits; glasses, plastics, polymeis and quartz as used in optical fibers, planar waveguides 
and optical disks; thin and thick films and organic and inorganic monolayers, bilayers, 
multilayer stacks, membranes, polymers and coatings as used in semiconductors, field effeci 
transistors, photoelectric devices and sensors; and microparticles, micrc)vesicles, lipid 
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bUayers. dendrimers, nanostruc.ures, and b,ocompatible poUtnc as used in diagnostics, 
dnifi delivers and medical devices. 

Muliimolccular switches are nudeotide-based or nonnucleotide devices comprising 
at least two defined sequence segments or specific recognition pairs capable of panicipaung 
5 in stimulus-response coupling, i.e.. funcuonal coupling between or among molecules 
wherein an input of matter or energy (i.e.. a stimulus) to a first defined sequence se^en. 
elected molecule or specific recognition pairtesults in a sUmulus-specinc, effector-mediated 
response at or bv a second defined sequence segmem, selected molecule or specific 
reTgnidon pair. Stimulus-specific responses are defimu^e effector-mediated responses 
10 elicited only or approximately only by a specified t>pe or group of mdecdar or 
enviromnental inputs and not, under conditions of use, by unspecified, umntended or 
interfenng substances or energies. For example, two defined sequence segments and/or 
specific recoamtion pairs comprising a multimolecular switch responsive to a specified 
stimulus mofecule (e.g., a clinical analyte or therapeutic target) may function m an either/or 
15 or mutually competitive fashion «ith to their abiht>- to coexist in the bound state^ In 

this case, the binding of the stimulus molecule at a first defined sequence segment, l.garid or 
receptor mav result in the release, binding or activation of a ligand, receptor or effector 
molLle (e.g.. a drug or signal-generating molecule) at a second defined sequence segmem 
or specific recognition site. Alternatively, binding of a stimulus molecule (e.g., an anugen, 
20 particle, virus, micmbe, quenching species, dye or conjugate) to a recognition sue (e.g an 
aptamer, ligand or receptor) positioned between donor and acceptor molecules- conjugated to 
defined nucleotide positions of a multimolecular switch can produce as response the 
activation or inhibition of a particular output (e.g., photon emission by donor or acceptor) 
bv enabling or facilitating (e.g., by serving as an intermediate or cofactor) or interrupung 
25 (e.g., blocking, refiecting, or quenching) energy transfer between nucleotide-conjugated 
donor and acceptor molecules or by stimulating or inhibiting the conjugated donor or 
conjugated acceptor. In a prefen^ embodiment, specific binding of a selected molecule, 
preferablv a selected molecule comprising or conjugated to effector molecule, more 
preferablv a selected molecule comprising a signal-generating speaes (e.g., a ligand, 
30 receptor or effector molecule conjugated to a dye. nanoparticle, phosphor, fiuorophore or 
luminescem compound) to an aptamer or modified nucleotide (e.g., a nucleotide compnsmg 
a ligand or a receptor) positioned between two labeled nucleotides (e.g.. fiuorophore- 
modified or quencher-modified nucleotides) can stimulate as response the acuvauon or 
inhibition of photon emission by a multimolecular switch. 
35 Multimolecular s^vitches of the instant invention may be nonaptamenc, aptamertc 

or heteropolvmeric. A nonaptameric molecular switch comprises at least t^vo different 
specific binding or shape recognition paii^ attached to a defined sequence segment which 
p^itions the two specific binding or shape recogmtion pairs for stimulus-response 
cTuphng. An aptamer-based multimolecular s^vltch comprises at least two functionally 
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coupled specific recognition pairs, at least one of which is an apiamer sequence. A 
heieiopohTneric muitimolecular switch comprises at least mo defined sequence segments 
that participate in stimulus-response coupling, e.g., the infiuence of binding or activity at 
one defined sequence segment on binding or acti^^ty at another defined sequence segment. 
5 A muitimolecular switch can exist in either of at least two states: an active state 

(i.e., a triggered, stimulated or "on" state) or an inactive state (i.e., a basal, unstimulated, 
untriggered or "ofP state). Muitimolecular switches configured as tethered recognition 
de^'ices of the instant invention can even exist in two (or more) states that generate different 
signals, e.g.. a first signal in Oie "off" state and a second, different signal in the "on" state. 
10 The state of a muitimolecular s\vitch relies upon the relative positions or activities of at least 
three molecules, at least one of which is a single-stranded, douWe-stranded or partially 
double-siranded oiigonudeotide, aptamer or synUietic heteropolymer. A heteropolymeric 
muitimolecular switch must further comprise or contact at least two additional molecules or 
selected nucleic acid sequences, at least one of which is a selected molecule. The second 
15 molecule may be a selected molecule, a selected nucleic acid sequence or a conjugate thereof. 
Anaptameric muitimolecular s\vitch that does not contain a syntiietic heteropol>Tner further 
requires, to become operational, at least three additional molecules, including 1) a first 
selected molecule which is conjugated to or incorporated in the aptamer (e.g., by covalent 
attachment to die aptamer or by conjugation to or syntiiesis of a nucleotide or nucleotide 
20 denvative which is then incorporated as a modified nucleotide during aptamer synthesis), 2) 
a second selected molecule which is capable of specifically recognizing or being recognized 
by the first selected molecule (e.g.. as a ligand specifically binds a receptor or an enzv-me 
specifically recognizes a substrate), and 3) a third selected molecule (i.e., the aptamer 
target), preferably an effector molecule and more preferably a signal-generating molecule. 
25 which the aptamer specifically recognizes with an affinity dictated by the nucleotide 
sequence of the aptamer. A nonaptameric muitimolecular switch comprises at least a single 
defined sequence segment thai connects two specific binding or shape recognition pairs, 
each having a member conjugated to a nucleotide or comprising a modified nucleotide of the 
defined sequence segment 
30 In a preferred embodiment, referred to herein as a tethered specific recognition 

device, tethered recognition device or simply tethered device, nucleotide-based or 
nonnucleotide muitimolecular devices. e.g., muitimolecular switches, muitimolecular 
sensors and molecular deliverv- systems, comprise tethered specific recognition paruiers. 
e.g.. two members of the same specific binding or shape recognition pair covalenUy or 
35 pseudoirreversiWy attached to different chemical groups, sites or nucleotides of a single 
molecule, polymer or muitimolecular strucwre. i.e., a molecular scaffold. The molecular 
scaffold provides suitable spacing and/or flexibilit\' between tiie two tethered members of a 
specific recognition pair to permit Uie members to specifically attach to one-anotiier under 
defined conditions, e.g., in the absence of a selected target tiiat inhibits, displaces, reverses. 



69A1 I > 



wo 99/60169 



PCT/US99/11215 



- 154 - 

precludes or dissociates specific recognition between the tethered members (e.g., a 
competitor or allosteric inhibitor). 

Tethered recognition devices are stimulus-responsive devices comprising a 
molecular scaffold, opuonally a nucleotide-based molecular scafftrfd, and at least two 
5 members of a specific binding or shape-specific pair or four members of two different 
specific recognition pairs, each member being covalently or pseudoirreversibly attached to 
the molecular scaffold. Each member of a recognition pair comprising a tethered recognition 
device is covalently or pseudoirreversibly tethered to its specific recognition partner, so the 
partners remain indirectly attached to one another even w hen they are not direcdy and 
10 specifically attached. Tethered members of a specific binding or shape recognition pair, for 
example, remain connected to one another by covalent or pseudoirreversible attachment to a 
common molecular scaffold (i.e., a molecule or group of molecules), whether the binding 
partners are specifically bouiid or unb<»ind (i.e., dissociated). The molecular scaffold 
preferably comprises a nucleotide, multimolecular sttucture or individual m(^ecule which is 
15 linear, branchedi circular, polygonal, bent, folded, looped, jointed, hinged and/or flexible, 
allowing the permanently attached specific recognition partners to exist in either erf two 
stales, specifically and direcUy attached (i.e.. attached specificaUy and direcUy in a 
quasircversiMe manner as well as directly and permanenUy b\- covalaw or pseudoirreversible 
means) or indirectly and not specifically attached. At least one member of at least one 
20 specific recognition pair comprising a tethered recognition device preferably comprises or 
attaches to an effector molecule, e.g.. a drug or signal-generating species, so that the two 
states of the device are functionally distinguishable, e.g., by activation or inhibition cf the 
attached effector. The molecular scaffold, preferably comprising a bifunctional or 
multifunctional molecule, preferably a heterofunctiohal molecule, polymer, copolv-mer or 
25 defined sequence segment which opticmally comfMises or attaches to a solid support, is 
designed, selected or engineered to fMt>\ide suitable spacing and/or flexibility between 
tethered members of a specific recognition pair to permit interaction between the two 
members of the pair under defined conditions, e.g., conditional upon the absence of a 
stimulus (e.g., a selected target, analyte, competitor or allosteric inhibitor) that inhibits, 
30 displaces, reverses or precludes specific binding or dissociates a quasireversible complex 
between specific recognition partners. 

One examjde of a tethered specific recognition device is a heteropolymeric 
multimolecular switch comprising three defined sequence segments: a first effector- 
attachment segment, a second effeciw-inhibiting segment, and a third uu-get-binding 
35 segment An effector species, preferaMy one capable of existing in both active and inactive 
or inhibited forms (e.g., an enzyme such as glucose oxidase, horseradish peroxidase, 
alkaline phosphatase, p-galactosidase, malate dehydrogenase, glucose-6-phosphaie 
dehydrogenase) is attached to the first defined sequence segment, preferably to the 3 ' or 5' 
end and more preferably to the 5' end, in such manner to retain effector activity. The method 
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of aitachmeni may be covalenl or noncovaleni, so long as ihe associauon between the 
effector species and the first defined sequence segment is iiTe\ ersible or pseudoirreversible, 
i.e., sufficienUy permanent and stable to remain intact throughout the operational lifespan of 
the device. Covalent attachment may be achieved, e.g., using uell known enz\Tnatic and 
5 crosslinking methods (cf. Wong (1991), Chemistry of Protein Conjugation and 
Cr OS slinking, CRC Press) to attach hapten or protein effectors to an amino-, carboxyl- or 
thiol-modified nucleotide (e.g., from Glen Research, Sterling VA and Boehringer 
Mannheim Corporation, Indianapolis IN), preferably a modified 3' or 5' terminus and more 
preferably a 5'-ierminal primar\ amine. Pseudoirreversible attachment may be achieved b>- 
10 specifically binding an avidin-cffector or streptavidin-effector conjugate to a biotinylated 
nucleotide or by hybridizing an oligonucieotide-effector conjugate to the first defined 
sequence segment. The effector-conjugated first defined sequence segment of the 
heteropolymer is of such length, preferably about tw o to 80 nucleotides and more preferabK 
about 10 to 50 nucleotides, to tether the second (effector-inhibiting) defined sequence 
15 segment within suitable range and yet with adequate fiexibiliiy to effecti\ely inhibit the 
conjugated effector. Nucleotide spacers or sequence(s) are included, as appropriate, to 
maximize effector inhibition by the second defined sequence segment. The third (i.e., target- 
binding) defined sequence segment may be a subset of the first defined sequence segment, 
or it may be contiguous with either the first or the second defined sequence segment. This 
20 target-binding defined sequence segment is selected to specifically bind or hybridize a 
selected target with higher relative affinitv* (as indicated by alfinity constant or melting 
temperanire, as the case may be) than that of the second defined sequence segment for the 
conjugated effector. Hence, in the presence of the selected Uirget molecule or sequence, 
specific binding or hybridization of the third defined sequence segment to the target disrupt; 
25 the interaction of the second defined sequence segment with the conjugated effector. On 
release of effector inhibition by the target (i.e., the stimulus), the acuvated effector generates 
a stimulus-dependent signal (i.e., the response). In this panicular leihered device 
configuration, the effector species is tethered to its specific binding partner (i.e., the second 
defined sequence segment) by means of the first defined sequence segment (i.e., the tether 
30 sequence). In other words, two members of a specific binding or shape recognition pair are 
mutually tethered, one member being a defined sequence segment (i.e., the second defined 
sequence segment). Both membere are attached to a defined sequence segment (i.e., the first 
defined sequence segment). A particularly preferred embodiment of this heteropolymeric 
tethered specific recognition device is the special case in which the third defined sequence 
35 segment is not just a subset of the first defined sequence segment, it is one and the same 
sequence, i.e., the device comprises only two defined sequence segments (cf. Example 5, 
vide infra). In this case, the first defined sequence segment fulfills the dual role of I) 
tethering the second defined sequence segment to the effector species with .suitable spacing 
and flexibility to allow specific binding between the effector and the second defined 
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sequence segment, and 2) specific recognition and binding to a selected target Nvith sufficient 
affinit\ to disrupt or preclude specific binding benveen the effector and the second defined 
sequence segment. Target binding therefore releases effector inhibition, yielding a stimulus- 
dependent response (i.e., effector activation). The specifically bound effector comprising a 
5 tethered recognition device need not be inhibited when specifically bound, e.g., by a second 
defined sequence segment. Specific binding between tethered binding partners may also 
result in aaivaiioii of the specifically bound effector species, e.g., by proximitx-dependeni 
functional coupling between donor and acceptor species. In this case, target recognition 
(i.e., by specific binding or hybridization) can inhibit the signal resulting from a funciionally 
10 coupled effector and/or increase the signal generated by an uncoupled donor. The detectable 
output may therefore be a decrease in acceptor or coupled effector signal, an mcrease in 
donor signal, or some combination, quotient, product or derivative thereof. 

In altemati^e modes of operation, a tethered specific recognition device may 
comprise, e.g.. a ligand and its receptor conjugated to different sites or positions of a single 
15 defined sequence segment; multiple hybridized, contiguous or connected defined sequence 
segments comprising a discrete structure; a sequence of nonnucleotide monomers (e.g., 
amino acids, sugars, ethylenes, glycols, amidoamines) or a pair or group of connected 
poKmers comprising a molecular scalfold; two or more ligands and their corresponding 
receptors, each conjugated to a different nucleotide position, site or functional group of one 
20 or more defined sequence segments or polvmers comprising or attached to a molecular 
scaffold; and e\en two or more noncomplementary oligonucleotides, each conjugated to a 
selected molecule, preferably an effector species, which is tethered by a defined sequence 
segment or a sequence of nonnucleotide monomers comprising a molecular scaffold, each 
oligonucleotide preferably being complementary to a different defined sequence segment ot 
25 the specific recognition device (e.g.. Example 4, vide infra). 

Tethered specific recognition devices have several distinct advantages o\'er prior art 
diagnostic assays (e.g., immunoassays, DNA probe assays), chemical sensors (e.g., lor 
blood gases and eleciroKies), biosensors (e.g., for glucose and therapeutic drugs) and drug 
deliver)- systems (e.g., biodegradable polymers, gels and transdermal devices) which reh 
30 on freely diffusible and/or mauix-enirapped recognition reagents, signal-generating species 
and/or drugs. Tethered specific recognition devices are self-contained multimolecular 
assemblies, i.e., all necessary^ recognition and effector species comprise or attach a single 
multimolecular structure or molecular scaffold. Hence the only potentially diffusible species 
to hinder stimulus-response kinetics, efficiency or reliabilitx' is the stimulus molecule (e.g., a 
35 selected molecule or selected nucleic acid sequence). Also, tethered recognition devices can 
be designed and constructed with defined molecular composition, owing to scaffold- 
dependent positioning of recognition sites. Within-lot and betueen-lot reproducibility are 
therefore limited only by the stability of constituent molecules and not by the^compositional 
heterogeneity and positional N ariability of alternative multimolecular reagent formulations. 
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Additionally, lethered devices can be constructed with multiple effector molecules, 
pfeferably signal-generating species, in such manner that different device states generate 
different signals. The reportable or actionaWe output of the device may therefore be a 
product, sum, quotient, derivative, function, transformation or algorithm of uvo or more 
5 signals which is more reliable and/or more informative than either signal alone. For 
example, a tethered device conligured as a binar> switch haMng two distinct states, each 
generating a different nuorescent signal, produces an output w hich depends on which of 
two different lluorescence energy transfer acceptors is excited by a donor fluorophore 
capable of transferring energy to one or the other acceptor. 
10 In a preferred embodiment, tethered specific recogniuon devices described herein 

are immobilized to a solid support Immobilized lethered de\ ices are particularly useful for 
dr\-reageni product contlgiirations, because effector species pseudoirreversibly attached to a 
molecular scaffold attached to a solid support is not freely diffusible in a surrounding 
medium. Hence, on addition of a lluid sample to the dr\-reagent device, the concentration of 
15 effector species at the liquid-solid interface (i.e., within the tethering distance of the 
scalTold) remains relatively constant. In conventional specific binding assay systems 
comprising a soluble or diffusible reporter or labeled species (e.g., for diagnosuc, 
monitoring and drug disco\ ery appiicauons. including high-throughput screening) the final 
concentrauon of the labeled reagent is inversely proportional to the volume of sample added. 
20 Any variabilit\- in sample volume influences the concentration of the label and therefore the 
equilibrium binding result Also, additicmal reagent additions, separation steps, washing 
procedures, evaporation and other handling and environmental factors ccMnpromise 
accuracy, precision, reproducibilitv- and sensitivity of the assay. Tethered recognition 
de\ ices of the instant invention are relatively unalfected by \ariabilit> in sample and reagent 
25 volume additions and lluid manipulations, because labeled species (i.e., clTectors) are 
pseudoirTe\ ersibly attached to the device. Effectors are not freely diffusible and are therefore 
not \ariabl\ diluted w ith \ ariable \ olume addition. Immobilized tethered recognition devices 
provide the benefits of homogeneous assay techniques (i.e., no need for physical separation 
of bound from free signal-generating species, because specific binding infiuences the 
30 acti\ity of the signal-generating species), advantageously in a solid phase foraiat that 
minimizes diffusion distances between participating specific binding partners and signal- 
generating species and also provides intimate contact and therefore rapid, efficient 
communication with a maaxscopic device or a surface, preferably a transducer surface. 

In another preferred embodiment reveisible activation, repeat-acuon, lethered 
35 specific recognition de\ ices described herein are used in detect-and-actuate and search-and- 
destroy modes for militar\- and defense appiicauons, decontamination, detoxification, 
environmental remediation, and agriceutical (e.g.. fertilizers, Naccines and pesticides), 
cosmeceuiical, nuuaceuiical and pharmaceutical applications (i.e., sinaRXdrugs) and in 
multimolecular adhesives ai>d molecular adherents. 



ISOOCID: «WO 9960169A1 Ji> 



wo 99/60169 



PCT/US99/n215 



- 158 - 

In short, tethered specific recogniuon devices of the instiant invention 
advantageously comprise two members of a specific binding pair or even two different 
specific recogniuon paire tethered by covalem attachment or, optionally, pseudoirreversible 
attachment (e.g., using avidin/Wotin or a hybridized oligonucleotide conjugate) to a scaffold 

5 comprising a muitimolecular device in such manner that specific binding and unbinding 
between covalenUy connected molecules provides a useful and quasire\ersjble (i.e., 
potentially repeatable) function, e.g., stimulus-responsive binan switching. Covalently or 
pseudoirreversibly tethering specific recognition pairs and effector molecules to the scaffold 
obviates dissociative or diffusional loss or dilution of participating binding partners and 

10 effectors, providing a reliable, efficient, reproducible and robust mulumolecular switch 
composition. Tethered specific recognition devices are preferably nucleotide-based (i.e., a 
nucleotide scaffold is used for molecular posiuoning), but can also be constructed using a 
nonnucleotide scaffold, preferably a Hexible polymer, more preferably a copolymer or 
heteropolymer and opuonally a polymer comprising folds, bends, joints, branchpoints 

15 and/or hinges. 

Prior art relevant to the tethered specific recognition devices described herein 
includes nucleic acid assays using a nucleotide-based molecular switch comprising mutually 
complementary switch sequences capable of existing either in the hybridized or unhybridized 
state, depending on whether a selected nucleic acid target is present (Lizardi, et al., U.S. 
20 5,118,801). Unlike the molecular switches described by Lizardi et al., tethered specific 
recognition de^ ices described herein can respond to any i>pe of molecular stimulus or 
surface feature (i e., nucleoude or nonnucleotide molecules or structural shapes). Also, the 
instant invenuon does not rely on internal hybridization of switch sequences. Although 
nucleic acid detection can be achieved using tethered recognition devices described herein, 
25 e.g., using effector-conjugated oligonucleotides cOTiplementary to defined sequence 
segments of the molecular scaffold (cf. Example 5), the instant invention does not involve 
the allosteric switch process described by Lizardi et al. and requires entireh different 
compositions and methods. First, whereas the allosteric switches described by Uzardi ei al. 
require at least three essential sequence elements (i.e., a probe sequence and two switch 
30 sequences), different embodiments of the instant invention can be practiced with as few as 
two defined sequence segments (e.g.. Example 5, vide infra) and even a single defined 
sequence segment (e.g., E.xample 7, vide ir0-a). Second, tethered recognition devices of the 
instant invention may be designed to exist in at least two different states (i.e., basal and 
stimulated cm- "on" and 'off states), each of which generates a distinctly different signal 
35 (e.g.. Example 4, vide infra). Muitimolecular switches generating a different signal in each 
state provide a more reliable and informative output than a "signal-when-on" or "signal- 
when-ofP switch, because 1) signaling occurs regardless of the state of the switch, 2) one 
of two selected signals can serve as a control to ensure the functional integrity- of the device, 
and 3) signal processing, calibration and data reduction algorithms can be used with a mulii- 
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signal de\ ice to prox ide a quaniiiaiive result that does not direcih depend on the response of 
a single effector or ampiinide of a single signal. Third, unlike the allosteric molecular switch 
described by Lizardi ei al., muliimolecular swlches of the instant invention can operate by 
mechanisms other than internal hybridization of complementar\ nucleotide switch 
5 sequences. Fourth, muitimolecular switches described herein do not require a nucleic acid 
probe sequence. Although muliimolecular switches of the insuini invention can incorporate 
defined sequence segments comprising nucleic acid probes for the detection of selected 
nucleic acid targets, these de\ ices do not necessarih operate by means of an allosteric switch 
mechanism, i.e., hybridization of target and probe sequences precluding internal 
10 hybridization of complemeniarx' switch sequences. Fifth, tethered specific recognition 
devices of the instant invention can be distinguished from prior an molecular switches in 
comprising combinations of effector molecules and mutual 1\ specific ligands and receptors 
which are both covalently attached to one another, optionally n ia an interv ening molecular 
scaffold or tether, and capable of existing in both specifically bound and unbound (i.e., 
15 dissociated) configurations. Finally, Lizardi ct al, do not describe molecular switches 
capable of detecting selected nonoligonucleoiide molecules, i.e., do not provide a general 
method for detecting different molecules of commercial importance, e.g., clinical, 
environmental, x eierinarv, militar\', agricultural, and industrial process monitoring analytes. 
Nor do the allosteric switches of Lizardi enable triggered release of an effector molecule in 
20 response to a specific binding event, e.g., drug deliverv* by a nucleotide-based prodrug. 
Unlike the hybridization-based switch described by Lizardi et al. the instant invention 
encompasses numerous embodiments unrelated to diagnostic switches, e.g., a 
muitimolecular switch comprising a triggered-relcase muitimolecular drug deli\ery system 
(e.g., a heteropolymeric prodrug) or a reversible tethered specific recognition de\ice for 
25 search-and-destroy or deteci-and-actuate applications (e.g., detoxification, en\ ironmental 
remediation, chemical and biological defense, agriceutical deliver\ , prodrug targeting and 
dynamic imaging). 

Muitimolecular devices of the invention which position two or more selected 
molecules, nucleic acid sequences or conjugates to provide additive or partially additix e, 

30 combined, simultaneous, cooperative or synergistic functional coupling between or among 
molecules (instead of or in addition to stimulus-response coupling) are referred to as 
muitimolecular unnsducers. Muitimolecular transducers are muitimolecular devices whose 
function depends on additive or partially additive, combined, simultaneous, cooperative or 
synergistic functional coupling between or among two or more selected molecules. 

35 Muitimolecular uansducers of the instant invention are capable of transforming a first form 
or state of matter, energv*, order or inl'ormation into a second form or state of matter, energy, 
order or information and include, without limitation, molecular channeling de\ ice$, enzyme 
channeling devices, molecular processing devices, electron transfer devices, energy transfer 
devices, and the like. A muitimolecular transducer composes at least two specific 
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recognition pairs or defined sequence segmenis that luncuon »n a combined or concerted 
manner to perform a function different from or superior to that of any constiment molecule. 

Aptamer-based multimolecular transducers of the instant invention comprise a 
single-stranded, double-stranded or partially double-stranded apiamer uhich is either 1) 
5 conjugated to a firet selected molecule and specifically bound to a second selected molecule, 
wherein the second selected molecule is an effector molecule ^^ hlch is runciionally coupled 
to the first selected molecule, or 2) a defined sequence segment of a syntheac 
heteropolvmer. Nonaptamenc multimolecular transducers compnse at least a single delined 
sequence'segment connecting tvvo specific binding or shape recognition pairs which are 
10 functionallv coupled to one another, e.g., a member of the first specific binding or shape 
recognition pair, transfers mass or energy to a member of the second specific binding or 
shape recogniuon pair, wherein donor and acceptor members are either effector molecules or 
conjugates of effector molecules and ligands or receptors. 

Mulumolecular sensors are multimolecular devices, optionally comprising .a 
15 mulumolecular transducer arid/or a multimolecular switch, which are capable of sensing, 
delecting, measuring, monitoring, determining or. quantify ing one or more substances or 
events. Sensor means any and all sensing means and devices known in the art. including, 
without limitation, mechanical sensors, force and mass sensors, Nelocity sensors, pressure 
sensors, acoustic sensors, temperature and thermal sensors, chemical sensors, biosensors, 
20 electrochemical sensoR, optical sensors, electromagnetic sensors, electrical sensors, 
electronic sensors, optoelectronic sensors, motion sensors, photodetectors, gas sensors, 
liquid sensors, liquid and solid level sensors as well as mulumolecular devices and tethered 
specific recognition devices of the instant invention. Sensors of the invenUon further include 
devices which comprise, aiujch, are functionally couple to or are capable of tuncuonally 
25 coupling to MOLECULAR MACHINES of the invention, particularly paired MOLECULAR 
MACHINES and advantageously systems comprising pairs or networks of paired 
MOLECULAR MACHINES. Multimolecular devices include mulumolecular switches, 
multimolecular transducers, multimolecular sensors, nucleotide-based molecular deliven 
svstems and mulumolecular drug delixen systems described herein as compnsing at least 
30 two specific recognition pairs or two defined sequence segments. Funcuonal couphng 
between or among selected molecules and selected nucleic acid sequences is brought about 
nucleoude-dependem molecular positioning. Tethered specific recognition deMces comprise 
at least two members of one specific binding or shape recognition pair or four members of 
two specific recognition pairs. Each member is either covalently or pseudoirreversibh 
35 attached to a molecular scaffold. The scaffold may be a defined sequence segment, a 
nucleotide, or a nbimucleotide molecule. 

Multimolecular deliverv- systems and molecular delivery systems are 
multimolecular structures capable of binding or storing and transporting, carrying, 
providing, presenting, delivenng or releasing a selected molecule or nucleic acid sequence to 
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a desired largei, receptor, siie, region, proxirnit>- or desiinaiion. Like multimolecular 
switches, transducers and sensors, multimolecular deliverv- systems comprise at least two 
specific recogniuon pairs or two defined sequence segments connected and functionally 
coupled by nudeotide-dcpendent positioning of the constituent specific recognition sites. 
5 Unlike multimolecular switches, transducers and sensors, however, a preferred embodiment 
of multimolecular deliver>' system construction produces additix e, combined or s\-nergisuc 
functional coupling of a first and second selected molecule or nucleic acid sequence to a third 
object (i.e.. a selected target) composing a molecule, group of molecules, process, disease 
or condition. In other words, a preferred form of functional coupling for multimolecular 
10 deli\ er\ systems does not involve the exchange of matter or energy between mo specific 
recognition pairs connected by nucleotides, but instead relies on the combined binding or 
acti\it> of two specific recognition pairs positioned by nucleotides to modulate the binding 
or activity- of a selected target 

Multimolecular drug delivery systems are molecular deliver>- systems capable ot 
15 facilitating, enhancing, enabling or modulating the administration, delivery, dosing, safet\, 
efficacy, release, actix ation, clearance, pharmacodynamics or pharmacokinetics of a drug or 
prodrug administered to or contacting an organism. When used in reference to a 
multimolecular dmg delivery system, immobilized refers either to an insoluble 
multimolecular structure or to a multimolecular structure that is rendered insoluble by 
20 attachment to a biological or biocompatible solid support Biocompatible means an 
exogenous substance that is relatively nonimmunogenic, nonallergenic and nontoxic when 
administered in vivo. 

A drug is any molecule, group of molecules, complex or substance administered to 
an organism for a diagnostic, therapeutic, forensic or medicinal purpose, including medical 
25 imaging, diagnostic, therapeutic, prognostic or preventi\e screening, detection or 
monitoring, contraceptive, cosmetic, nutraceulical, pharmaceuucal. prosthetic and 
prophylactic applications. Prodrugs are drugs, drug precursors or modified drugs u hich are 
not lull\- acti\ e or a\ ailable until converted in vivo or in situ to their therapeutically active or 
available form. Prodrugs of the instant invention include drugs specifically bound in inactive 
30 form to a first ligand. receptor or defined sequence segment of a mulumolecular drug 
deliN er\ s> stem, wherein the inacUve drug is released or activated bv- binding of a ligand or 
receptor, preferably a therapeutic ligand or receptor, at a second defined sequence segment 
ligand or receptor comprising the multimolecular drug deliverv system. 

Nonapiameric nucleotide-based multimdecular devices comprise at least two 
35 specific binding or shape recognition pairs attached in a site-directed manner to a defined 
sequence segment or plurality of attached defined sequence segments. At least one specific 
binding or shape recognition pair advantageously comprises an effector molecule. The 
defined sequence segment provides for ordered attachment of the two specific binding or 
shape recognition pairs in suitable spatial proximitv that binding or activity of a member of a 
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first specific binding or shape recognition pair influences the binding or activitv of a member 
of the second specific binding or shape recognition pair. 

A nucleoude-based nonapiameric multimolecular sw itch typically comprises two 
and optionally more than mo specific binding or shape recognition pairs attached to 
5 nucleotides of a discrete structure and thereby attached to one another by nucleotides. The 
specific binding or shape recognition pairs are tvpically positioned within about one micron 
of one another, preferably within about 100 nm of one another and more preferably within 
about 10 nm of one another, by site-directed attachment to nucleotides comprising or 
hybridized to a defined sequence segment. In the simplest case, a first member of a first 
10 specific binding pair (e.g.. biotin) is attached to (or incorporated as) a 3'-modified 
nucleotide of a defined sequence segment (e.g., using biotin phosphoramidite or a biotin- 
spacer-support). A first member of a second specific binding pair is attached to (or 
incorporated as a constituent oO a second nucleotide of the defined sequence segment (e.g., 
by incorporation of a tluorescein-labeled 5'-terminal nucleotide). The number of nucleotides 
15 between nucleotide-attached members of the first and second specific binding pairs is 
designed to preclude simultaneous binding of both specific binding pairs, i.e., the defined 
sequence segment provides inadequate docking space for second members of both specific 
binding pairs to remain bound within a single discrete structure. Hence, the mutual 
proximity of the two specific binding (and optionally shape recc^nition) pairs brought about 
20 b>' site-directed attachment to the defined sequence segment sets up a mutual competition 
between the two specific binding pairs. In the presence of both members of both specific 
binding pairs (at equimolar concentrations), only the higher alTmitv specific binding pair 
remains speafically bound. The lower affinit>- specific binding pair preferentially 
dissoaates, and rebinding is sierically hindered by specific binding of the higher affinit\- 
25 pair. In a preferred embodiment of a nucleotide-based multimolecular switch, the lower 
affinitN specific binding pair comprises donor and acceptor members which are specifically 
bound and functionally coupled, e.g.. by fluorescence energy transfer. The second, higher 
affinitN specific binding paii" comprises a nucleotide-conjugated receptor directed against an 
analyte (e.g., a diagnostic marker, a pesticide, an environmental pollutant, an infectious 
30 contaminant), wherein specific binding does not occur unless and until the multimolecular 
switch comes in contact with the analyte. In the presence of the analyte, high-affinit>- 
binding between anal>le and receptor induces dissociation of the lower alfinit> speahc 
binding pair, interrupting fluorescence energy transfer. Acti\ ation of the switch by analyte is 
thus delectable by an increase in emission of the donor fluorophore, a decrease in emission 
35 of the acceptor fluorophore, or a change in the ratio of the two. 

Aptameric and heteropolymeric s>Tithetic defined sequence segments of the instant 
invention can be selected for their ability to specifically bind honoligonucleotide molecules 
using prior art aptamer selection methods (e.g.. Gold et al.. U.S. 5,270,163): Ellington and 
Szostak (1990) Nature 34(5:818-822), Bock et al. (1992) Nature 255:564-566, Wang et al. 



SDOCIO <WO 9960169A1J_> 



wo 99/60169 



PCT/US99/11215 



- 163 - 

(1993) Biochemistry 32:1899-1904, and Bielinska ei al. (1990) Science 250:997.1000) thai 
rely on repealed cycles of coniacUng an oligonucleotide mixture with a target 
nonoligonucleotide molecule, affinity -dependent partitioning of the oligonucleotide-target 
complexes from unbound oligonucleotides, and amplifving the targei-bound 
5 oligonucleotides. Altemauvely, apiameric defined sequences of the instant invention, 
particularly apiameric defined sequence segments compnsing synthetic heieropolymers or 
multimolecular devices, can be selected by methods that do not rely on the combination of 
affinity-dependent partitioning and amplification. 

For example, a synthetic aptamer may be selected from a mixture of nucleic acids. 
10 preferably a diverse mixture or nucleic acid libran' and more preferably a diverse mixture or 
librar\' of nucleic acid molecules comprising at least one randomized sequence, based upon 
the ability to assemble two molecules or groups of molecules, preferably selected molecules 
and/or conjugated and/or immobilized selected molecules, more preferabl> selected 
molecules comprising effector molecules and most preferably selected molecules comprising 
15 signal-generating molecules, so as to render the assembled molecules or groups of 
molecules distinctly detectable, preferably as a single discrete structure. 

In a preferred embodiment, selected molecules, preferably signal -generating 
molecules, are assembled in suitable proximity to produce a detectable image or signal 
whose detection enables the identification and isolation of a single discrete structure 
2 0 comprising an aptamer, preferably a single aptamer or a pair of apuimers, which attaches the 
selected molecules. In a related embodiment, selected molecules, preferably donor and 
acceptor signal-generating molecules, are assembled in suitable proximity to produce a 
detectable image or signal whose detection enables the identification and isolation of a single 
discrete structure comprising at least one aptamer, preferably a single aptamer or a pair ot 
25 apiamers, which attaches the selected molecules within suitable spatial pro\imit\ for 
functional coupling between the donor and acceptor signal-generating species. The resultant 
assembly comprises donor and acceptor signal -generating species atuiched and functionalh* 
coupled by at least one aptamer, preferably a single aptamer or pair of aptamers. 

The method for isolating and identifying (e.g., sequencing) the apiameric sequence 
30 capable of connecting and functionally coupling two selected molecules may involve 
amplifying the sequence using, e.g., PCR, LCR, Q-beia replicase, 3SR, TAS, RCR, CPR, 
ribonuclease H or reAMP methods, but amplification is not required. For example, a 
combination of optical microscopy (e.g., using bright-field, epi-Huorescence or confocal 
methods) and scanning probe microscopy (SPM; e.g., atomic force microscopy (AFM), 
35 scanning force microscopy (SFM) or scanning tunneling microscopy (STM)), including 
hybrid techniques such as scanning elecu-ochemical microscopy (SECM), can be used to 
image, isolate and exu^ct an aptamer-coupled effector complex from a mixture. Further, the 
aptamer may be isolated from the complex, e.g., by application of a current, voltage or 
piezoelecuic force. A preferred method relies on the integration of fiuorescence detection 
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with AFM (e.g., Radmacher el al. (1992) Ultranucroscopy 42-44:9^1 enabling rapid 
tluorescence imaging of large fields followed by high-resolution AFM probing and 
exiraciion of selected aptamers. Aliematively, high-throughput screening and selection at 
high resolution can be achieved by multiplexing AFM probes, one or more probes optionally 
5 comprising separate detection, extraction and/or amplification tips, preferably a microrobotic 
array of multiplexed probes attached to cantilevers, each probe, set or bundle comprising 
application-specific tips (e.g., for topographical scanning, aptamer-iarget extraction, 
aptamer-iarget dissociation, amplification, 2md/or sequencing). 

In a preferred mode of aptamer selection by proximity-dependent functional 
10 coupling, selection relies on the concerted activities of two or more amplification enzymes, 
e.g., a polymerase and a reverse transcriptase, assembled by aptamer-iarget binding. A first 
amplification enzyme is preferably conjugated to a target molecule, advantageously through 
a Oe.xjble spacer molecule, scaffold or tether that provides the enzyme with at least a 
moderate degree of diffusional and rotational freedom. A second amplification enzyme is 
15 conjugated and/or tethered to a fixed nucleotide of a nucleic add molecule comprising a 
random-sequence mixture. In this way, aptamer-target binding results in assembly of 
amplification enz\mes into a single discrete structure comprising a preferentially amplified 
nucleic acid molecule. Aptamer detection by target-dependent functional coupling of 
amplification enzymes advantageously represents a homogeneous assay method, as aptamer- 
20 target binding alters the activitv^ of a signal-generating process, i.e., replication of the target- 
bound nucleic acid to yield a detectable number of copies. 

Single-molecule sequencing of the selected apiameric sequence can be achieved, 
e.g., by discriminating the differing fluorescent signals of indi\ idual nucleotides in response 
to laser excitation, preferably laser-induced multicolor fluorescence of Huorophore- lagged 
25 nucleotides. Alternatively, rapid sequencing of DNA may be achieved with AFM (e.g., 
Hansma et al. (1991b) J. Vac. ScL Techn. B 9:1282-1284), obviating the need to extract 
apiamers from the AFM substrate for amplification and/or sequencing. 

Single-molecule aptamer selection and characterization can also be achieved 
without single-molecule sequencing. A \ariety oi* signal-generating species can be detected 
30 with single-molecule sensitivity (e.g., enzymes, dyed microspheres, fluorescent liposomes, 
tanned red cells). Single-molecule isolation methods such as optical trapping (e.g., optical 
force, laser scanning or optical tweezer methods) or SPM-based extraction (e.g., AFM, 
STM) can be used to deliver a single nucleic acid molecule to an amplification \essel, 
thereby enabling replicative production of a sufficient number of copies of a single, isolated 
35 nucleic acid molecule for routine sequencing (e.g., using a sequencing gel or automated 
DNA sequencer). 

Single-molecule detection methods of the instant invention include optical force 
fields (e.g., optical tweezers, laser scanning), scanning probe microscops^ (e.g., SPM, 
AFM, SFM, STM and hybrid techniques, e.g., SECM) and emerging but heretofore 
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unpro\ ed techniques. Methods and de\ ices capable of single-molecule deieciion which have 
noi hereioibre demonstniied adequate sensilivit\- are included within the scope of the instant 
invenuon. Emerging methods and devices for single-molecule detection include, uithoui 
limitation, mass spectrometr\'; capillan- electrophoresis and microminiaturized 
5 electrophoreiic detectors, including on-chip electrophoretic elements, channels and arrays; 
microminaiurized and nanofabricated optical, spectroscopic, specirometnc, elecu-ochemical, 
optoelectronic and electronic detectors; microsensors, nanosensors, integrated on-chip 
sensors, transducers and arrays; and molecular sensors and transducers, including 
muliimolecular sensors, multimolecular transducers and tethered specific recognition devices 
10 ol the instant invention. 

Preferred single-molecule detection and manipulation methods of the instant 
invention include optical trapping (e.g., optical tweezers, force fields, laser scanning and 
manipulation) and scanning probe microscopy (e.g., SPM, AFM, SFM, STM and hybrid 
techniques, e.g.. SECM). SPM, for example, can be used to detect and isolate a single, 
15 target-bound aptamer from a mixture or library of nucleic acid molecules. The isolated 
apuimer can then be either 1) sequenced in situ by SPM, optionall\ with localized 
amplification 2) transferred to a single-molecule sequencing apparatus (e.g., u laser-driven 
nucleotide lluorescence detector) followed by large-scale synthesis of the selected sequence, 
3) transferred to an amplification reaction followed by, e.g.. gel-based or automated 
20 sequencing, or 4) optionally amplified in situ either on the target-modified SPM substrate or 
on the target- modified probe tip, e.g., by in situ hybridization (e.g., Patterson el al. (1993) 
Science 260.976-979) and optionally by primer extension. Amplification may be achieved 
\ ia thermal cycling (e.g., using PGR or LCR) or, advantageously, by isothermal methods 
(e.g., 3SR or CPR). 

25 Methods disclosed herein for selecting synthetic defined sequence segments 

capable of specifically binding selected nonoligonucleotide molecules usmg single-molecule 
detection of an individual aptamer- target complex and/or single-molecule isolation of an 
individual aptamer- target complex and/or single-molecule amplification of an aptamer 
comprising an individual aptamer-uirget complex and/or single-molecule sequencing of an 

30 aptamer comprising an individual aptamer-uirget provide the art with the abilitv to select and 
unambiguously characterize a single aptamer molecule, i.e., to determine the chemical 
idenlit\' of an individual target-binding nucleic acid molecule without artifacts or 
contamination from nontarget-binding or larget-ncMibinding nucleic acids (e.g., matrix- 
binding nucleic acids and/or contaminating nucleic acids retained due to unconux)lled 

35 selection pressure or ineffective or inefficient preselection or counterselection methods, or 
imperfect specificity, selectivitv*, effectiveness or efficiency of the partitioning method or 
composition). 

A combination of single-molecule detection, isolation, amplification and/or 
sequencing as disclosed herein enables the selection, characterization and identification of an 
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individual nucleic acid molecule capable of specifically binding a selected nonoligonucleoude 
molecule from a mixture of synthetic nucleic acids, opiionalh a highly diverse mixttire and 
preferably a highly diverse librarv comprising symheiic nucleic acids. Unlike prior an 
methods, the single-molecule selection methods described herein enable the unambiguous 
5 identification of an individual aptamer molecule without iterative cycles of partiuoning and 
amplification heretofore required to eliminate, remove, separate, reject or discard 
cx>ntaminating nontarget-binding and target-nonbinding nucleic acids. In other words, unlike 
prior art aptamer selection methods, the instant single-molecule selection methods do not 
rely on affinitv-based partitioning of one population, pool or fraction of nucleic acid 
10 molecules (i.e.! target-binding nucleic acids) from another population, pool or fraction of 
nucleic acid molecules (i.e., nontarget-binding or target-nonbinding nucleic acids). In fact, 
the instant smgle-molecule selection methods do not rely on any forni of partitioning, 
separating or discriminating two or more populations, pods or fractions of nucleic acids 
based on any selection criterion (e.g., affinity. activit\-. structure or function). Rather, the 
15 instant single-mdecule synthetic aptamer selection methods rely on the detection and 
isolation, and preferably the sequencing and/or amplification, of an indiv idual s>'nthetic 
aptamer molecule or a synthetic aptamer molecule comprising an individual discrete 
stfucmre. which methods are heretofore unknown in the an. 

Proximity-based methods for single-molecule detection disclosed herein include 
20 proximal probe methods (e.g.. AFM, STM) with reporter molecules (e.g., macromolecules, 
polymers or preferably nanoparticles or microparticles) to select and isolate one or more, 
aptamers based upon a user-defined selection criterion or setpoint (e.g., target-binding 
affinity). For example, by varving the size, density-, surf-ace charge and/or solubility of a 
reporters conjugated to the target molecule, on the one hand, arid random-sequence nucleic 
25 acids, on the other, an individual aptamer or group of aptamers can be selected with desired 
binding strength. The affinitv- or binding strength required for aptamer-dejjendent assembly 
and maintenance of paired reporter particle complexes increases with the cube of the 
diameter of each associated particle. Increasing reporter particle size can therefore be used to 
establish an affinity threshold favoring selection of individual aptamers capable of passing 
30 an operator-defined fimess test (cf. Example 16, vide infra). 

Alternatively, single-molecule affinity selection can be achieved by immobilizing a 
target molecule to an SPM tip (i.e., negatively charged silicon niuide) used to probe a 
random-sequence, nanosphere-conjugated nucleic acid library-. Scanning is perf-oiroed in 
fluid mode to detect aptamer binding to the Up-immobilized target following application of 
35 the nucleic acid library sample to a freshly cleaved mica substrate. The force of aptamer 
binding to the target-immobilized probe tip is quantified by varying loading and discharge 
forces associated with apiamer-nanoparticle binding and unbinding to target-probe tip. 
Individual, high-affinity aptamers arc selected on quantitative grounds against an operator- 
defined binding force specification. 
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In another preferred aspect of the instant in\ention. the critical seleaion criterion 
for ideniifxing an aptamer capable of speciUcally binding an identified nonoligonucleotide 
molecule is not affinitv' (i.e., partitioning as described by Gold et al., U.S. 5,270,163), but 
the specific site of interaction on the identified molecule and/or the specific epitope or region 
5 recognized and/or the degree of surface interaction between the aptamer and the idenufied 
molecule and/or the degree- of selectivity for the identified molecule, i.e., the specificity oi 
interaction. For example, an aptamer may be selected from a mixture of nucleic acids, 
preferably a diverse mixture or library of nucleic acid molecules comprising at least one 
randomized sequence, based upon the ability of the aptamer lo displace (i.e., dissociate) a 
1 0 ligand- receptor complex by binding to either the ligand or the receptor at or near the epitope 
recognized by its specific binding partner (i.e., the receptor or ligand, as the case may be). 
In this embodiment, both the ligand and the receptor of the ligand-receptor complex are 
preferablv- labeled with effector species (or, optionally, either the ligand or the receptor is 
labeled with an effector) in such manner that a single ligand-effector conjugate and/or a 
15 single receptor-effector conjugate can be distinguished from a single (ligand-receplor)- 
effector complex, optionally from a plurality of (ligand-receptor )-effector complexes. 

In another preferred aspect of the instant in\ ention. defined sequence segments are 
selected for the ability to bind neither a ligand nor a receptor, but lo recognize an epitope, 
site or topographical region formed by a selected molecule (i.e., a pair or group of 
20 molecules) comprising a ligand specifically bound to its receptor. In this case, the selection 
process does not invol\e affinity-based partitioning of ligand-bound or receptor- bound 
nucleic acids from the unbound fraction of a diverse mixture of nucleic acids. Rather, 
nucleic acids capable of binding ligand alone or receptor alone are discarded (i.e., selected 
out for undesirable specificit\ ). Unbound nucleic acids are screened or selected for the 
25 ability' to specifically bind the ligand-receptor complex and to unbind (i.e., dissociate) 
concomitantly with disruption of the ligand-receptor complex (e.g., by addition of a 
competing ligand or receptor or by addition of salts, acids, bases, detergents, or mild 
chaou-opes). Some of the highest alTinity nucleic acids (i.e., those binding the ligand- 
recepior complex with the highest affinit\) may be deselected (i.e., discarded) by this 
30 procedure, because the selection criterion is not alTinit>, but specificity. In Uiis way, 
aptamers are selected for the ability to specifically recognize an e^•ent or interaction, i.e., the 
specific binding between a ligand and its receptor. Aptamers capable of specifically binding 
a pair or group of molecules in this manner, i.e., with specificity for an epitope or site or 
topological region unique to the specifically bound pair or group, are particularly useful as 
35 defined sequence segments comprising multimolecular drug deliver}- systems (e.g., lor 
targeting drugs based upon a paUiophysiological interactions between ligands and receptors) 
and in multimolecular transducers and multimolecular switches, particularly multimolecular 
sensors (e.g., for sensing specific interactions between ligands and receptore, particularly a 
specific binding reaction between a probe and an analyte). 
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In another preferred embodiment, selection of a defmed sequence segment capable 
of specifically binding an identified nonoligonucleoude is based not upon the partitioning of 
target-bound from free nucleic acid molecules, but on the ability to protect a selected 
nonoligonucleoiide molecule from structural modification, e.g., thermal denaiuration 
5 enz\ mauc digestion or chemical modification. For example, an aptamer may be selected 
from a mixture of nucleic acids, preferably a diverse mixture or library ol nucleic acid 
molecules, based upon the abilit\' of the aptamer to bind and protect a selected target 
molecule from covalent modification, e.g., by shielding a peptide hormone from clea\ age by 
an endopepudase or insulating all or part of a glycoprotein antigen from proteolytic 
10 degradation b> a protease or protecting an Fab or MRU or hinge region of an antibody from 
enzymatic digestion or chemical modification. 

In another preferred embodiment i;HX)\iding ad\aniages over single-molecule 
affinity selection, a selected target (e.g., alkaline phosphatase: AP) is immobilized to the 
silicon nitride AFM probetip and used to probe a random-sequence, nanosphere-conjugated 
15 RNA librar> applied in solution (i:e., freely diffusible) to a freshly cleaved mica substrate. 
On detection of aptamer binding to the probe tip, varying unloading (i.e., discharge) forces 
are applied to dissociate aptamer-nanosphere ccmjugaies from tip-immobilized AP. 
Individual, high-affinit>- aptamers are selected on quantitati^e grounds based on the 
empirical bmding and unbinding forces accompanying apiamer-target association and 
20 dissociation from up-immobilized target, i.e., those displaying a binding force exceeding an 
operator-established set point (in nanonewtons, relative force, loading and unloading 
force(s), or force curves relative to a reference ligand-recepior pair such as pero.xidase- 
antiperoxidase. fiuotescein-antifiuorescein or DNP-ahtiDNP). In a particularly preferred 
mode of operation, a panel of reference ligand-receptor pairs hanng predetermined apparent 
25 affinities (e.g., by Scatchard anal\-sis using labeled ligand(s) and a family(ies) of unlabeled 
competitors) are used to establish a (force x apparent affinitv) calibration cur^e against 
which the apparent affinitv" of individual identified aptamer-target pairs can be interpolated 
from loading and unloading AFM fc«ce data. In this way, an individual aptamer having the 
highest measured binding force can be selected against reference apparent affinities 
30 determined for nonaptameric ligand receptor pairs. For example, a family of biotin 
congeners (e.g., biotin, imidobiotin, diimidobiotin, iminobiotin) can be selected to represent 
a broad dynamic range of affinities for avidin, streptavidin and/CM- recombinant or otherwise 
modified sirepta\ idin and/or avidin mutants. A panel of biotin derivatives or an array of 
mutant and/or modified streptavidins permuted against biotin derivatives can be used to 
35 calibrate the binding force of an aptamer-target complex over a range spanning many 
decades of apparent affinitv' (i.e., as related to inverse concenu^uion on log scale). 

Alternatively, selection criteria and stringencies can be quantitatively titrated against 
the empirically determined behavior of a selected population of individually probed aptamer- 
target complexes. For example, the binding force of a selected populatioii of fluorescence 
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proximiiy-imaged apiameric complexes can be deiermined either in terms of absolute force 
(i.e., binding force in newions) or as apparent affiniiN against a calibrauon cune {vide 
supra). The population distribution of measured binding forces can then be ploned as a 
histogram and/or analyzed statistically to enable w illful articulation of a use-appropriate sei- 
5 point for harvesting an indiv idual aptamer or a selected pluralit>' or population of aptamers 
meeting said willful and quantitative set point The quantitative selection process is 
adN-aniageously automated and supported by a functionally coupled informational system. 

Quantitative selection may alternatively be based not upon the magnitude ol 
empirically determined binding force(s) of an individual aptamer or selected population of 
10 aptamers, but upon aptamer specificitv* for target eptope, an epitope formed by a ligand 
receptor pair or by conformational changes in a target or ligand receptor pair (optionally 
AFM tip-induced). Quantitative and discrete (i.e., single complex) discrimination may also 
be based on multimolecular size of the aptamer-target complex (e.g., dimensions in nm). 
Aliemati\ely, selection may be based on the apparent shape of the complex, up-induced 
15 shape changes and/or resistance to shape changes (i.e., rigidity, resilience, compactness), all 
of which data are useful in selecting aptameric defined sequence segments of the instant 
invention, and all of which methods and capabilities are heretofore unknown in the art. 
Quantitaii\ e selection may alternatively be based upon aptamer-conferred stabilization of the 
target against AFM tip-induced damage, or against stabilit\' of the target and/or aptamer to 
20 changes in solution or solid phase environment F=6r example, the stability of the target, the 
aptamer and/or the aptamer-target complex to organic solvents, as useful, e.g., in 
microelecu-onics, industrial, environmental, chemical and polymer processing, adhesive, 
adherent and adsorbent development, can be used as a selection criterion. Or stability to 
salts, acids, bases, polyamines, detergents, chaoiropes, chelators, iniercalators, 
25 coordinators, crosslinkers, hydrophobic polymers, photaciivatable reagents, secondarx' 
ligands and receptors (i.e., competitors), enzymes indigenous to a particular environment, 
e.g., nucleases, proteases, peroxidases, phosphatases, lipids, proteins and other mauix- 
active agents, crossreactants, interfering substances, and so forth. All of these interactions 
between an aptamer, target or aptamer-target complex and its microenvironment, covalent 
30 and noncovalent, specific and nonspecific, ionic and nonionic, reversible and 
pseudoirrex ersible and irreversible, can be explored and quantitatively reported at the single- 
molecule level using methods disclosed herein. Understanding these interactions is 
important to the selection, design, assembly, stabilization, replication and/or scale-up of 
well-defined, stable, unifcMm, precise, reliable, efficiently coupled and robust 
35 MOLECULAR MACHINES of the instant invention. None of these interactions can be 
resolved at the single molecule level by selection methods known in the art (e.g.. Gold et 
al., U.S. 5.270,163), Ellington and Szostak (1990) Nature 546:818-822), Bock ei al. 
( 1992) Nature 255:564-566, Wang et al. ( 1993) Biochemistry 32: 1899-1904, and Bielinska 
et al. ( 1990) Science 250:997- 1000). 
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Selecuon of nucleotides for template-directed assembly by methods described 
herein unleashes a paradigm shift in the utility of oligonucleotides. Nucleotide-based 
templaung to produce spatially ordered arrangements of molecuhir effectors expands the 
scope of nucleotide applications from therapeutics and diagnostics to nonmedical 
5 applications (e.g. industrial processes, microelectronics) that do not require physiological 
conditions. The more conventional use of nucleic acid libranes for dmg discovery^ revolves 
around the achievable diveisity of nucleotides under relatiA ely physiologic conditions. The 
potential shape-charge diversity of nucleotides can be expanded by screening libranes under 
alternative, nonphysiologic solvent conditions, yielding different shape-charge profiles. 
10 Since the fiiness landscape of a nucleotide librarv' is influenced by hydration state (e.g.. 
bound water, hydrophilic effects), the properties of a nucleic acid library may be 
dramaticalh altered when screened and selected in nonaqueous or polar-nc-rpolar solvent 
systems. Nucleotides, unlike proteins and peptides, are relatively stable to organic solvents. 
Oligonucleotides directed against selected targets that are both soluble and stable in 
15 nonphysiologic, optionally organic solvents (e.g. fluorophores, redox mediators, certain 
enzymes, supermolecules, etc.) can therefore be selected for industrial applications in which 
nucleotide recognition properties promise to be quite useful. Representative uses for 
nucleotide selection in nonaqueous and organic solvents include, e.g., biochips and 
biomolecular circuitry; multienzyme catalysis and synthesis m organic media; production of 
20 sided (i.e., directional or rightside out) iiposome-nucleotide assemblies for use in industrial 
environments; and sensors, transducers and actuators for nonaqueous applications (e.g., 
detection of contaminants in peffoleum products, bioremediation, QAJQC of organic 
svntheses). Use of nucleotides derivatized witii lipophilic and nonpolar groups also provides 
a conveniem means to orient the instant MOLECULAR MACHINES in monolayers. Films. 
25 N esicles and coatings that can be reproducibly layered on transducer surfaces by w ell known 
thin film and thick film deposition methods. 

In another nucleotide selection method of the instant invention, single-stranded 
target-binding nucleotides are selected from a diverse mixture of random-sequence DNA or 
RNA duplexes or heteroduplexes, preferably duplexes composing fixed pnmer annealing 
30 sequence(s), by the relative propensity^ of denawred single-stranded nucleotides to bind a 
selected target molecule rather that reannealing to form the parent duplex. Alternatively, the 
selection is performed as a competition between a selected target molecule and a selected 
nucleic acid sequence (i.e., a complementary or partially complementan- strand) for 
recognition by a single-stranded nucleotide comprising a random-sequence single-stranded 
35 nucleic acid library. In either case, the length and degree of complementarity of duplex 
regions is used to establish a target-binding affinit\' set poim (i.e.. threshold denaturation 
energy or melting energ} ) against which aptameric nucleotides are selected. Single-stranded 
nucleotides or duplexes are preferably labeled (e.g., with fiuorophore- tagged nucleotides or 
fiuorescem nanospheres) and are optionally immobihzed to a working electrode or a solid 
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phase comprising, e.g., an elecirophoreiic gel or chromaiographv support. For selection 
based on denaturation and target-competitive renaturation of duplexes, a denaturing stimulus 
is applied, e.g., a voltage (e.g., about -0.5 to about -2.0 volts) or heat (e.g., to above about 
60 preferably above about 80 ^C) or a chemical denaturant (e.g., high salt, a chaotrope, 
5 or a nonpolar solvent). Following thermal, chemical, photochemical or electrochemical 
denaturation of duplexes, a selected target is added to the resulting single-stranded 
nucleotide mixture which is renimed toward its initial, renaiurine state (e.g., by cooling, 
desaltmg or depolarization). A single-stranded nucleotide whose alTmirv' for the selected 
target is adxantageouslv greater than the reannealing hybridization energy of its 
10 corresponding duplex can then be detected, characterized, isolated and amplified and/or 
sequenced by optical imaging and SPM methods, as described elsewhere herein. 
Alternatively, iterative c\cles of partitioning and amplification of uncharacterized pools 
comprising target-bound single-stranded nucleotides may be used to select a relatively high- 
amnit> aptamer by methods known in the art (e.g.. Gold ei al., U.S. 5,270,163), Ellington 
15 and Szostak ( 1990) Nature 546:818-822), Bock et al. ( 1992) Nature 255:564-566, Wang et 
ai. ( 1993) Biochertiistry 32: 1899-1904, and Bielinska el al. ( 1990) Science 250:997- ICKDO). 

Screening and selection of a nucleotide librarv' b\ methods of the instant invention 
can be also be used to identify a defined sequence segment capable of specifically binding 
not onh a single target molecule, but also a complex comprising two molecules specifically 
20 bound to one another. In one preferred embodiment, a nucleic acid library can be 
counterselected against a selected ligand and receptor and then selected for defined sequence 
segments capable of specifically binding the bound ligand-recepior complex. This method is 
particulariy useful for selecting a donor-labeled or acceptor-labeled defined sequence 
segment for use in homogeneous detection of ligand-receptor binding, wherein either the 
25 ligand or the receptor is labeled with an acceptor or donor species capable of functional 
coupling with the aptamer label. For example, an anti-( ligand-receptor complex) aptamer 
synthesized with modified and/or bioiinylated nucleotides comprising or attaching a donoi* 
Huorophore (e.g., fluorescein, a cyanine dye, a phycobiliprotein) can be used with an 
acceptor-labeled receptor (e.g., cyanine dye-labeled or phycobiliprotein-labeled anti-PSA 
30 antibody) for detection of an analyte comprising a ligand (e.g.. PSA). In this case, the 
aptamer is specific for an epitope formed by the PSA/anii-PSA complex. In the presence of 
PSA, acceptor-labeled antibody is functionally coupled to donor-labeled aptamer specific for 
the PSA/anti-PSA complex. Using a similar aj^roach, an effector-labeled defined sequence 
segment (e.g., enzxme-labeled, fiuorophore-labeled or luminescent) can be selected for 
35 specific binding to a (labeled aptamer)-iargei complex in such manner that the selected 
defined sequence segment binds neither the labeled aptamer nor the i ree target. Independent 
counterselection against the free (i.e., uncomplexed) target and the uncomplexed, labeled 
aptamer optionally immobilized, allows subsequent selection of a nucleic acid librarv' for a 
labeled defined sequence segment capable of specifically recognizing an epitope comprising 
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the (labeled aptamer)-target complex, which epitope is fonned by labeled aptamer-target 
binding. Not only can ihe labeled defined sequence segment be selected by functional 
coupling, but it can also be used in homogeneous specific binding assays relying on 
functional coupling for detection of aptamer-target binding. Selection of defined sequence 
5 segments capable of specifically binding complexes formed by aptamer-hapten binding 
provides a means to perfoim pscudoimmunometric (i.e., sandwich) assays tor low 
molecular weight analytes. Homogeneous, pscudoimmunometric assays usmg donor- 
labeled and acceptor-labeled nudeotide-based specific binding reagents (i.e., in excess) 
enables more sensitixe detection of low molecular weight anal>les than possible with a 
10 conventional competitixe assay architecture. Even greater sensiti\ity can be achieved in a 
heterogeneous mode by amplifying a defined sequence segment comprising specifically 
bound nucleotide- target complex(es). 

These detection, selection, isolation, sequencing and/or amplification methods 
provide the an with the ability to identify novel defined sequence segments comprising 
15 multivalent templates for assembly of useful multimolecular devices. Combined with paired 
nucleotide library transposition and imprinting capabilities described herein, identification of 
syntiietic nucleotide recognition elements is enabling for many heretofore unimagined 
processes and devices. For example, single-molecule(s) selection metiiods disclosed herein 
enable quanlltati^•e resolution of aptamer-suri-ace interactions. e.g., die infiuence of surface 
20 materials and structural shapes on aptamer-target binding and/on the smicture and stability of 
immobilized aptamers, targets and aptamer-target complexes. In addition, and particulariy 
important lo microelectronic and industrial, environmental and biomedical sensors, 
transducers switches and actuators embodied herein, the influence of hydration state on 
aptamer, target and aptamer-target interactions and conlbrmations can be quantitative!} 
2 5 assessed at the indi\ idual molecule and ccmiplex level b>- the instant metiiods. 

The alMlitN- to characterize recognition reactions, e.g., binding»and catalysis, at the 
interface bet\veen solid and liquid, particulariy the structural and functional integrity of 
ligands, receptors and catalysts, particulariy enzymes, proteins, nucleic acids, 
glycoproteins, glycolipids and other macromolccules at the boundarv- between wet and drv- is 
30 seminal and enabling toward the developmem of fully integrated and functionally coupled 
molecular electronic, optoelectronic, photonic, mechanochemical, multicatalyiic and 
multienz\Tnatic devices comprising ordered assemblies of molecules cooperating with one 
another and with inorganic or s>-ntiietic materials, preferably electronically active devices 
funaionally coupled to the macroscopic world. 
35 Similariy important is stable, fast, efficient, reliable collaboration between hard 

surt"aces and soft biological molecules and groups of molecules comprising complexes and 
supramolecular assemblies. 

Equally important is the adaptation of biomolecular machines ho nonaqueous 
environments, particulariy organic solvent systems and harsh chemicals, acids, bases and 
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salts ingrained in the world of micromachinihg. photolithographic and semiconductor 
technologies. Transposing Mother Nature's bounteous secrets in respect of molecular 
cooperativitN' to hard and dr>' surfaces is a challenging and evolutionar\' process that has yet 
to be fulfilled. Surface-induced conformational perturbations are substantially nontrivial, as 

5 amply evident in the art (e.g., Volkin et al. (1991) Infl. Symp. on Biological Product 
Freeze-Drsnng and Formulation, Bethesda, MD. Develop. Biol. Standard 74:73-81; Volkin 
et al. (1991) Biotechnol. Bioeng. i7:843-853; Hsu et al. (1991) Develop. Biol. Standard 
74:255-271; Prestelski et al. ( 1993) Biophys. J. 63:661-671). 

Methods disclosed herein for selecting and assembling nucleoiide-based and plastic 

1 0 templates comprising MOLECULAR MACHINES address these technical obstacles through 
a number of innovations, including: 1 ) selection of specifically attractive surface features and 
reactivities from surface libraries, obviating the need for biomolecule immobilization. 2) 
mapping recognition properties selected from molecular shape libiaries into surfaces, e.g., 
by template-guided nanofabrication, 3) surface lemplating, wherein a nucleotide-based or 

15 plastic template comprising a recogniuon element specific for a surface feature attaches b> 
specific recognition, 4) use of nucleotide-based and plasUc templates comprising molecular 
adhesi\ es and adherents to bond and bind selected structural and functional molecules and 
groups of molecules to surfaces, 5) coselection of surface libraries and molecular shape 
libi^es to identify mutually attractive molecular and structural shapes, and 6) imprinting 

20 selected molecular shapes into selected materials, e.g.. for preparation of designer 
adsorbents (e.g., for affinity separations, industrial purification, catalysis and downstream 
processing). 

The combination d[ nucleotide-directed diversification and templaung provides a 
novel, ptacucal and general approach to integration of molecular recognition, shape 
25 recognition and catalvtic properties with industrial materials. Parent and progeny templates 
can be used to select and assemble nucleotide-based and nonnucleoude materials, polymers, 
adhesives, adherents, adsorbents and lubricants, e.g., as well as complex MOLECULAR 
MACHINES (e.g., multimolecular devices, tethered specific recognition devices, 
smaRTdrugs). For example, template-guided, attracuve lubricants (e.g., surface-feanire 
30 targeted nanospheres, buck>'balls, polymers) can be used to assemble moving parts on 
suifaces. Specific attachment of MOLECULAR MACHINES can be used to cushion the 
denaturing and destabilizing impact on biological molecules by dehydration and surface 
forces (e.g., Prestelski et al. (1993) Biophys. J. 65:661-671). These are but two of the 
many ways in which MOLECULAR MACHINES can improve compatibility between 
35 molecular shapes, structural shapes and surfaces. Another is to endow chemically bland 
materials, structures, substrates and surfaces with specific recognition and catal>tic 
recognition properties heretofore known only to molecules in free space (i.e., unencumbered 
by bondage to like molecules, e.g., stnicture and suri^ace neighbors. Another is enhance 
specific attractivity and catalytic recogniuon properties of suifaces by mapping surface 
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features against free space effector molecule shapes and introducing the properties into 
surfaces either by grafting (e.g., using surface templates) or by iemplate.guided 
nanofabrication. Another is to seamlessly integrate specific recognition, catalytic, and, 
particularly multimolccular and supramolecular functionalities into surfaces heretofore 
5 confined to the realm of chemically bland inorganic materials. Another is to bridge the 
dimensional gap between the molecular and macroscopic worlds, between electronics 
devices and electroactive molecules, between photonic devices and photoactiN e molecules, 
between attractive surfaces and molecular attractors. between drugs and devices, and more 
generally, between molecules and machines, and more generally, between man and machine 
10 and namre. Another is to bridge the solvent gap by using paired libraries to select templates 
and selectable molecules in organic solvents or solvent systems not conventionally applied to 
library screening an selection. 

Another is the ability to characterize the interaction between an aptamer and its 
target at molecular scale in functional as well as stmcniral terms. Another is the abilitv' to 
15 select cooperative molecular pairs using a first selected molecule tethered to a nucleotide 
comprising a randomized sequence selectable on the basis of affinity for a cooperative 
second selected molecule. Another is to identify competing and interfering molecular, 
particulariy biomolecular, interactions. Another is to determine and respect solvent and 
solute effects at the level of individual aptameric and intermolecular activities. Another is to 
20 individually select, preferably by automated and massively parallel machine-directed 
scanning, probing, characterization and isolation techniques, a single aptamer capable of 
best performing a particular function, e.g., stabilizing a target or partitioning a drug to a 
receptor. Another is to identify a pair or group of defined sequence segments, at least one 
being an aptamer, wherein the sequence segments consort to assemble selected molecules or 
25 nucleotides which are, in turn, capable of consorting to perfonn a useful function that cannot 
be performed by any constinient aptamer-target pair. Another is to identify and respect the 
significance of wet versus drv at the molecule-transducer interface, as well as molecular and 
structural factors influencing device integration. 

Additional objectives of the instant nucleotide library screening and selection 
30 methods include: 1 ) to provide a method of resolving molecular diversity at single-molecule 
resolution by combining emerging single-molecule and detection technologies with 
replicatable nucleotide libraries, 2) to provide a paired nudeoiide-nonnucleotide library- 
based diversity generator for exploring molecular shape space and stmcttiral surface space, 
3) to provide a paired nucleolide-nonnucleotide libraiy-based diversity generator functionally 
35 coupled to an informational system comprising paired infonnational devices comprising at 
least a massively parallel search engine, 4) to provide a single-molecule detection method 
capable of identifying an individual synthetic aptamer, synthetic nucleotide or pair or group 
of s\'nthetic nucleotides having a selected recognition propertv-. 5) to provide a single- 
molecule detection method capable of identifying an individual ribozyme, catalyuc 
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nudeoUde, or pair or group of nucleoUdes having a selected caialnic activiK. 6) lo provide a 
multiplexed single-molecule detection method for a) selecung a selected population or librar>' 
of individual aptamers based on functional or structural criteria, or b) characieriang the 
activitv- of a single (i.e., cloned) aptamer species against a diverse array of selected 
5 molecules, optionally suiicturally related, or c) coselecUng a selected population of selected 
aptamers (i.e., an aptamer library) against a selected population of selected molecules (i.e., a 
molecular shape library) to idenufy the relauonship or fitness profile of interactions between 
the libraries, 7) to provide a method for selecting from a librar> of nucleotide libraries, 
preferably paired nucleoiide-nonnucleoude libraries, a diverse libran- of aptamers 
10 comprising a defined seu preferably digitally represented and archived, of members selected 
to recognize (j.e., map) the recognition space of a selected population of selected molecules, 
wherein the identities and behavior of the collective selected population pro\ide information 
that cannot be obtained from a single selected molecule or pair or subthreshold group, 8) to 
transpose any selected target molecule or selected population of selected target molecules 
15 into a corresponding anuidiotypic or anti-anuidiotvpic or idiot>pic nucleotide library', 
wherein the nucleotide mapping librarv' can be used to further mmsform the recognition 
prt^ile of the target molecule(s) into a new and more preferable molecular medium, e.g., a 
nonnuclcotide imprint medium, i.e., a plasuc segment, 9) to provide a method for 
transfoiming a defined sequence segment comprising an aptamer, catalytic nucleotide, 
20 hybridizable nucleotide, encoding nucleotide, conjugated or otherwise derivatized 
nucleotide, nucleotide ligand, nucleotide receptor or nucleotide catal\-st into a nonnucleotide 
plastic segment b\' molecular imprinting or, preferably, mmsposition between paired, 
functionally coupled, nucleotide and nonnucleotide libraries, i.e., a nucleotide-nonnucleotide 
librar>' pair, 10) to prm ide a method for transf«ming a template comprising at least two 
25 defined sequence segments comprising, e.g., aptamers, cataljuc nucleotides, hybridizable 
nucleotides, encoding nucleotides, conjugated or other%vise derivatized nucleotides, 
nucleotide iigands, nucleotide receptors or nucleotide catalysts, into a nonnucleotide plastic 
template by molecular imprinting or transposition between paired nucleotide and 
nonnucleotide libraries, i.e., a nucleotide-nonnucleotide librar\ pair, 1 1) to use a nucleotide- 
30 based template to assemble selected molecules, thereby creating a useful MOLECULAR 
MACHINE 12) to use a plastic template to assemble selected molecules, thereby creanng a 
semiplastic MOUECULAR MACHINE, 13) to use a nucleotide template to assemble plastic 
imprints of imprinted selected molecules, tiiereby creating semiplastic MOLECULAR 
MACHINES, 14) to use a i^astic temi^ate to assemble selected jrfastic molecules, thereby 
35 creating a fully plastic MOLECULAR MACHINE, 15) to provide a synthetic process that 
exploits Uie replicative and distortional potential of nucleotide amplifiers for the projection 
and evolution of said MOLECULAR MACHINES in diversity- space and retrieval (reentfy) 
in nucleotide space, and 16) to thereby- create for industrial use self-replicating 
MOLECULAR MACHINES selected and evolved for application-specific purposes (e.g.. 
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search-and-desiiDV. tnggeied release environmental remediants and agricultural 
iherapeuucs), 17)'to use said nudeoude-based and plastic MOLECULAR MACHirsIES as 
smart materials, polvmeis. adhesives, adherents, adsorbents, molecular counung devices, 
molecular sorting devices, smaRTdrtig deliven' devices. 18) to provide a methods for 
5 endowing chemically bland materials, stnictuies, substrates and suri^aces uiih specific 
recognition and catalvtic recognition properties heretofore known only to molecules m free 
space 19) to provide a method for improving the specific attractivit>- and catalytic 
recogiiition properties of suri-aces by mapping surface features against free space effector 
molecule shapes and introducing the properties into surfaces either by grafting (e.g.. using 
10 surface templates) or by template-guided nanofabricaiion, 20) to proMde surface 
modificauon methods (e.g., grafting, lemplating. mapping, surface feature selecnon) that 
introduce surface recognition and catalytic functions heretofore confined to the realm of 
inorganic materials, 21) to provide a functionally coupled MOLECULAR MACHINE 
production svstcm comprising varying combinations of a molecular diversity generator, an 
15 infonnational svstem. a molecular selection (sorting) station, a template selecuon 
(consorting) station, a proximity selection (functional coupling) stauon, a transposiuon 
(casting and molding) station, an assembly (lemplating) station, a conjugation (pairing and 
stabilizauon) station and a recv-cling (salvage) station, wherein each station is functionally 
coupled to a distortable ampUner (e.g., a modulatable replicator), 22) lo provide a method 
20 for characterizing the interaction between a synthetic nucleoUde (e.g.. aptamer or nbozyme) 
and its target at molecular scale in functional as well as stnicturaltenns. 23) to provide a 
method for selecting cooperative molecular pairs using a first selected molecule tethered to a 
nucleotide comprising a randomized sequence selectable on the basis of affmiiy for a 
cooperative second selected molecule, 24) to provide single-molecule detection methods for 
25 identifving factors and interactions that compete or interfere with the activity of a nucleoude 
recognition element (e.g.. an aptamer or riboz>-me), 25) to provide single-mdecule deiecuon 
methods for determining solvent and solute efi-ects at the level of individual intermolecular 
activities of svnthetic nucleotide recognition elements, 26) to provide single- molecule 
detection methods enabling individual selection, preferably by automated and massively 
30 parallel machine-directed scanning, probing, characterization and isolation techniques, of a 
single aptamer capable of best performing a particular function, e.g.. stabilizing a target or 
partitioning a drug to a receptor. 27) to provide a method for identifying a pair or group of 
defined sequence segments, at least one being an aptamer. wherein the sequence segments 
consort to assemble selected molecules or nucleotides which, in torn, are capable of 
35 consorting to perfonn a useful function that cannot be perfonned by any constituem 
aptamer-target pair. 28) to provide single-molecule detection methods for identifying and 
overcoming stnicnirally and functionally stressful interface effects between macromolecules 
and surfaces, e.g., wet versus dr>', hard versus soft, macroscopic versus microscopic, 
organic versus inorganic and aqueous versus nonaqueous, 29) to provide paired nucleotide- 
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nonnucleotide templates capable of directing the selecuon, assembly and conjugation of 
paired and functionally coupled selected molecules comprising MOLECULAR 
MACHINES, including transposition into novel molecular media, replicauon with varying 
fidelitN', to wit, evolution of multimolecular stnicture and function. 30) to provide methods 
5 for bridging the dimensional gap between molecular and macroscopic worids, between 
electronic devices and electroactive molecules, between photonic devices and photoactive 
molecules, benveen attractive surfaces and molecular attractors, between drugs and devices, 
and more generally, between molecules and machines, and more generally, between man 
and machine and nature. 

10 In another embodiment of s>'nthelic aptamer selection methods disclosed herein, 

chemical and enzymatic stnicture probing methods arc used to select aptamers with desired 
target-binding properties and/or to characterize the interaction between a selected aptamer 
and its target and/or to identify and/or sequence one or more nucleotides comprising an 
aptamer, particularly nucleotides comprising a target-binding region or cognate or consensus 
15 sequence of an aptamer. A wide variety- of structure probing reagents and associated 
detection methods can be used to characterize the structure of nucleic acids with atomic 
resolution (e.g.. Shouche el al. (1990) Nucleic Acids Res. 78:267-275; Bach et al. (1990) 
Nucleic Acids Res. 18:449-458). 

Structure probing typically relies on enzymes or chemicals selective for and 
20 therefore capable of identifying single-stranded or douWc-stianded regions comprising 
nucleic adds. Selectivities widely used in ribosomal RNA structure mapping, for instance, 
include SI nuclease, cobra venom nuclease and DMS. SI nuclease is selective for single- 
siianded regions of substrate RNA, while cobra venom nuclease is specific for double- 
stianded regions. Although the selectivity of enz\-mes for double-stranded \ersus single- 
25 stranded regions is useful, steric hindrance due to the large molecular size of enzymes limits 
the resolution that can be achieved with these probes. DMS (a meihylaung agent) is a 
chemical probe that reacts with guanine and single-stfanded adenine and cxtosine. Base- 
paired adenine and c>tosine do not react well, because their reactive residues are involved in 
base-pairing. Commonly used RNA structure probing reagents and associated specificities 
30 and detection metiiods include: RNAse VI. which is specific for double-stranded RNA and 
can be detected using end-labeled RNA or primer extension; RNAse Tl. which is specific 
for single-stranded guanine and can be detected using end-labeled RNA or primer extension; 
RNAse T2. which is specific for single-stranded RNA and can be detected using end-labeled 
RNA or primer extension; RNAse A. which is specific for single-stranded cyiosine and 
35 single-stianded uracil and can be detected using end-labeled RNA or primer extension; 
DEPC. which is specific for the N7 position of adenine (and to a lesser extent the N7 
position of guanine) and can be detected using end-labeled RNA oiQ by primer extension 
after chemical strand scission; DMS, which is specific for the Nl. N3 and.N7 positions, 
respectively, of adenine, cytosine and guanine and can be delected variously using primer 
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extension, pnmer extension after chemical strand scission, and/or end-labeled RNA after 
chemical strand scission; CMCT, which is specific for the N3 position of uractl and the Nl 
position of guanine and can be detected by primer extension; and Fe(Il)EDTA, which .s 
specific for ribose and can be detected using end-labeled RNA or primer extension. 
5 Because of their small molecular size and minimal sieric hindrance compared to 

enzv^es, chemical pn>bes provide more detailed information on secondary stmctt^e. They 
do 'so bv modifying bases at Watson-Crick base pairing positions. The three fundamental 
element^ in RNA secondary structure include 1 ) stems, which are nins of base-paired bases 
loops, which are adjacent nonpaired bases, and 3) bulges, which are interruptions of 
10 pairing within otherwise base-paired stems. If a base is involved in a Waison-Cnck base 
pair (i e.. in double-stranded RNA), modification by the probe does not occur. If a base is 
not involved in a Watson-Crick base pair (i.e., in single-stranded RNA), chemical 
modification occurs. The site of modification can be detected,' e.g.. by primer extension, 
because modification prevents incorporation of the next base by reverse transcnptase. 
15 Information regarding teniary structure can be obtained from the availability of K7 atoir^ 
(only piesem in A and G). If N7 atoms are involved in tertian interactions, they will not be 
modified. Detection requites strand scission at the site of modification. 

The use of structure probing to select and characterize defined sequence segments 
comprising multimdecular devices, particularly aptamenc and heteropolymenc 
20 multimolecular devices, enables atomic-scale resolution of the nucleotide recogmuon sites 
for selected molecules. By identifying within a defined sequence segment the sp«:ific 
nucleotide atoms in intimate contact with a specifically bound selected molecule and by 
providing piecise secondary and tertiary structural information regarding the aptamenc 
docking region of the defined sequence segment, strucmre probing can be used to 
25 complemem svnthetic aptamer selection methods disclosed herein (e.g., single-molecule 
selection, dissociation, stabilization and aptamer-dependent effector assembly methods) 
and/or prior an aptamer selection methods (e.g.. Gold et al., U.S. 5.270,163). Ellington 
and Szostak (1990) Namre 346:818-822). Bock et al. ( 1992) Nature 255:564-566, Wanget 
al. (1993) Biochemistry 52:1899-1904, and Bielinska et al. (1990) Science 250.997-100^ 
30 with detailed strucmral information. In combination with functional (e.g., bmdmg and 
activity) information from specific binding assays and functional coupling assays, nucleoude 
sequence and su^cture probing information enables determination of quantitative structure- 
activitv relationships for nucleotide-based multimolecular de^•ices of the instant mvenuon^ 
Quanutative stnicture-activity relationships enable nucleotide template-ordered 
35 multimolecular devices to be developed with maximal conttd o^'er the relative positions of 
specific recognition sites. Optimal nucleotide-dependent positioning of specific recogmuon 
sites means specificallv bound selected molecules are properly positioned to perform useful 
work with maximally efficiency, e.g., by the additive, mutualistic, synergistic, combined or 
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inierdependeni activity of molecules functionally coupled within a nucleoUde-based 

multimolecular device. 

Defined sequences segments of the instant invenuon are selected to specifically 
recognize idemified nonoligonucleotide molecules, particularl> ligands. receptois, structural 
5 and effector molecules, particularly for use in aptameric and heteropolymeric multimolecular 
devices, e.g., multimolecular drug deliver^• systems, multimolecular transducers, 
multimolecular switches and multimolecular sensors. In a preferred aspect of the invenUon, 
selected defined sequence segments provide newly discovered specificities for detecting and 
characterizing heretofore unknown receptors and ligands, panicularly plant, animal, viral 
10 and microbial receptors and ligands discovered through genomic and proieomic research and 
corresponding newly discovered ligands. Defined sequence segments selected for the ability 
to specifioilly recognize newly discovered ligands. e.g.. drugs, drug candidates or receptor 
probes, for plant, animal, viral and microbial receptors can ser\e as receptor mimics or 
mimetics. e.g., soluble surrogate receptors or antiidiotypic ligands useful in multimolecular 
15 drug delivery systems and multimolecular devices disclosed herein. In another preferred 
aspect of the invention, defined sequence segments are selected for incorporation into 
multimolecular devices capable of specifically recognizing and assembling or processing 
selected molecules, e.g., ligands, receptors, smictural or effector molecules, for which 
suitably specific or avid ligands or, as the case may be, receptors are either rare or 
20 nonexistent. In addition to multimolecular drug delivery systems (e.g., for heretofore 
undiscovered drugs and/or heretofore undiscovered therapeuuc receptors), multimolecular 
devices comprising such tare or heretofore nonexistent spedficiiies include multimolecular 
transducers, mulumolccular switches and, particularly multimolecular sensors capable of 
delecting, quanufying and monitoring selected molecules comprising hazardous wastes, 
25 environmental pollutants, chemical and biological weaponry, agricultural diseases, pests and 
pesticides, foods, food additives and food contaminants, chemical and biological products 
and contaminants, industrial, chemical and food production and processing streams, 
microbial, ^ iral and botanical proteomes, antigens, membranes, cells, cell walls and surface 
markers, and particularly hormones, transmitters, receptors, lipids, proteins and 
30 carbohydrates of edible plants and animals. 

A multimolecular device comprising an aptamer, modified nucleotide, nucleotide 
ligand or nucleotide receptor capable of specifically recognizing a selected target, e.g., a 
therapeutic receptor, may be used to evaluate and quantify the target-binding properties of 
the operative recognition element, e.g.. by an allosteric mechanism relying on binding or 
35 hybridizaUon of a second recognition element to a calibrator comprising a selected molecule 
or selected nucleic acid sequence. For example, a labeled sN-nthetic heteropolymer 
comprising an anti-target aptameric first defined sequence segment may be used to quantify 
the affinity or binding stfength of the aptamer sequence for its target (e^^g., a drug or 
therapeutic receptor) by the propensity of the aptamer- target complex to dissociate on 
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hybridizauon of a second defined sequence segment to a complementary and %ariable-length 
selected nucleic acid sequence (i.e., a melting temperature calibrator). The binding strength 
of the apiamenc fjrst defined sequence segment for its target can be expressed in terms of Ac 
melting temperature or length of hybridized calibrator required to allosterically prevent or 

5 disrupt aptamer-target binding. Similariy, the binding strength of a receptor-speciHc 
nucleotide ligand for its target receptor can be determined using a labeled bivalent 
nonaptameric mulUmolecular device comprising the nucleotide ligand as a first recognition 
site and a hybridizabie defined sequence segment as a second, allosteric recognition site. In 
each case, hybridization of an allosteric recognition site of a multimolecular device to a 

1 0 selected nucleic acid sequence influences binding of a priman target-specific recognition site 
in a quantifiable manner, i.e., aptamer-target or ligand-receptor dissociation can be 
correlated with the melting temperature of a hybridized allosteric defined sequence segment 

Altemativeh, the allostenc recognition site may be a second aptameric sequence or 
nucleotide ligand, for example, in which case binding strength of the primary recognition 
15 site is determined against calibrated, variable-affinity specific binding partners of the second 
recognition site (i.e., an affinity or crossreactivity panel). 

Defined sequence segments of the instant invention capable of specifically 
recognizing nondigonucleotide molecules may be single-stranded or double-stranded 
nucleotides comprising DNA, RNA or even heteroduplexes thereof. They may be selected 
20 bv in viiro or in vivo methods, and they may be naturally occurring or synthetic defined 
sequence segments. Aptameric multimolecular devices of the instant invention rely on the 
specific recognition properties of syntiietic aptamers, i.e., at least one defined sequence 
segment comprising the aptameric device is an aptamer sequence not heretofore known to 
occur in nawre and function as a biological recognition site. Synthetic heteropolymers and 
25 heteropolymeric dcA ices also comprise at least one synthetic aptamer sequence, but may also 
include one or more namrally occurring aptamer sequences (e.g., a biological recognition 
site or a defined sequence segment selected from a biological library or genomic sequence 
database). A synthetic heteropolymer comprising a heteropolymeric multimolecular device 
may also be hybridized or specifically bound to synthetic or naturally occurring selected 
30 nucleic acid sequences having useful recognition properties and/or functions other than tiie 
specific binding and hybridization capabilities of defined sequence segments making up the 
synthetic heteropolymer, particularly substrate recognition, catalysis, and/or generation of a 
reaction product or detectable signal. For example, a heteropolymeric device capable of 
enzyme channeling, enzyme cyding, or enzymatic synthesis, preferably biosynthesis and 
35 more preferably chiial synthesis, can be constructed from a synthetic heteropolymer having 
a first synthetic defined sequence segment specifically bound to a donor or acceptor enzyme. 
e.g.. a dehydrogenase, esterase, lipase, aminotransferase, glycosidase, phosphatase or 
protease, and a second defined sequence segment specifically bound or hybridized to a 
selected nudeic add sequence comprising a ribozyme or catalytic DNA sequence. The 
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ribozvuie or catalvtic DNA sequence preferably comprises at least wo elements, a selected 
nucleic acid sequence capable of hybridizing or specifically binding to the second defined 
sequence segment of the synthetic heteropolyraer and a cataluic element, preferably a 
SN-nthelic sequence designed or selected for functional coupling to the synthetic 
5 heteropolv-mer-bound enzyme (i.e., designed or selected to donate or accept a substrate or 
product of the syntheuc heteropolymer-bound enzyme or to modulate the binding or acdvitv 
of the enzN-me or to act in an additive, s>-nergistic, cooperative or sequential manner with 
respect to'a common target, intermediate or subsuate). Optionally, a molecular effector 
which is specificallv bound to a defined sequence segment of a sNUthctic heteropolymer and 
10 funcuonallv coupled to a hybridized ribozyme or catalytic DNA sequence may also be 
covalently conjugated to the defined sequence segment Alternatively, a molecular effector 
covalenUy conjugated to a synthetic heteropolymer may be functionally coupled to a 
ribozyme or catalytic DNA molecule by hybridizing or specifically binding a defined 
sequence segment of the synthetic heteropolymer to a nucleic add sequence comprising the 
15 ribozvtne or catalytic DNA molecule. In an alternative embodiment, the enzymatic activity of 
a ribozvme or cz^talviic DNA sequence may be functionally coupled to a nonenzv-matic 
acceptor hvbridized'to a synthetic heteropolymer, e.g., by selecting and hybridizing to the 
svnthetic heteropolymer a catalytic DNA molecule or ribozyme capable either of donaung a 
product to a synthetic heteropolymer-bound effector which is a drug or signal-generating 
20 species (e.g., a chromogenic or fluorogenic or electroactive or luminescent acceptor). 
Altemativelv, a ribozyme or catalytic DNA molecule may be selected for the ability to 
hybridize and functionally couple to a synthetic heteropolymer-bound effector species by 
catalvtically activating, modifying or releasing Ute heteropolymer-bound effector species. 

Bifunctional syntheuc heteiopolN'mers of the present invention are prepared in the 
25 following manner. Two molecules or groups of molecules capable of performing a useful 
function when brought into close spatial pro.ximity are identified. At least one of the 
identified molecules is a nonoligonucleotide molecule, preferably a receptor, ligand, 
structural molecule or molecular effector. A first defined sequence segment capable of 
specificallv binding to an identified nonoligonucleotide molecule is selected, preferably by 
30 repeated selection and amplification of oUgonucleotide pools, more preferably by 
combinatorial selection and amplification of an oligonucleotide libfai>-. A second defined 
sequence segment capable of specifically binding to the second identified molecule, which 
mav be a nonoligonucleotide molecule or a selected nucleic acid sequence, is also selected. A 
svnUietic heteropolymer comprising the first and second defined sequence segments. 
35 optionally separated by a spacer sequence of variable lengtii, secondary and tertiary structure 
(e.g., including stems, loops, bulges, stem-loop structures, pseudoknois and internally 
hybridized, branched and hyperbranched sequences) and composition, preferably a single- 
sttanded or double-stranded sequence comprising 1 to 200 nucleotides, and. more preferably 
about 1 to 40 nucleotides, is then syntitesized ab initio by methods well taown in tiie art. 
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The length and composiuon of the spacer sequence is such that the spatial relationship 
between the first and second defined sequence segments is optimal to provide for specific 
binding of the two identified molecules in close intemiolecular proximity. Spacer sequences 
are single-stranded or double-stranded nucleotides which increase the topological distance 
5 between defined sequence segments (i.e.. the number of inter>ening nucleotides or base 
pairs) and also influence the spatial distance between them (i.e., the average or approximate 
distance in three-dimensional space between two defined sequence segments or between 
specified nucleoudes, regions, positions, struaures or functional groups comprising the two 
defined sequence segments). Spacer sequences can be used to increase the distance between 
10 two defined sequence segments of a synthetic heteropoK-mer, typically to maintain 
independent operability. i.e., the abilitv- of a defined sequence segment to retain its selected 
recognition properties when incorporated into a multisegment synthetic heteropolymer. 
Nonlinear spacer sequences, preferably branched, looped, bulged and/or internally 
hybridized sequences, e.g., dendritic, stem-loop or pseudoknot stmctures, can also be used 
15 to decrease the spatial distance between defined sequence segments or specified regions of a 
svnthetic heteropolymer and therefore to decrease the spatial distance between attached 
selected molecules or selected nucleic add sequences. The efficiency of functional coupling 
between selected molecules within multimolecular complexes can therefore be enhanced by 
including synthetic heteropolymer spacer sequences that reduce the spatial distance between 
20 the functionally coupled molecules. 

The spacing between defined sequence segments of a synthetic heteropolymer may 
also be adjusted using one or more spacer modifiers, modified nucleotides or nucleotide 
analogs comprising a spacer ann, e.g., SPACER 9, SPACER 18, SPACER C3 OR 
□SPACER (Glen Research. Sterling VA). Spacing between nucleotides withm a defined 
25 sequence segment may also be varied using such spacer modifiers, e.g.. to maximize the 
affinity or specificity with which a defined sequence segmcm specifically binds a selected 
molecule or nucleic 'acid sequence. Spacer modifiers include, without limitation, nucleotides, 
spacer arms and groups designed to adjust the distance betNveen nucleotides, defined 
sequence segments and nonnucleotidc molecules, e.g., indi^ idual nucleotides, nucleotide 
30 analogs, spacer modifiers, spacer sequences, linker oligonucleotides and mutually 
hybridizable defined sequence segments comprising mulu\alent hcteropolymeric hybrid 
strucmres and nucleotide-based multimolecular devices, and contiguous or punctuated 
groups or ccwnbinations thereof. . 

Alteraauvely, it may be preferable to synthesize a s>-nihetic heteropolymer lacking 
35 any spacer modifiers between selected defined sequence segments so that specific binding or 
hybridization of a fust selected molecule or nucleic acid sequence at one defined sequence 
segment precludes specific binding or hybridization of a second selected molecule or nucleic 
add sequence at another defined sequence segment or displaces a i^eviously bound 
molecule or nucldc add sequence. It may even be preferable to produce the syntheuc 
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heteropolvmer with contiguous defined sequence segments sharing a single nudeoude or 
even a few nucleoUdes, e.g.. with a small number of nucleotides of one defined sequence 
segment overlapping another defined sequence segment (i.e., common to both), so long as 
one or the other defined sequence segment is capable at any given time of specifically 
5 binding or hybridizing to a selected molecule or nucleic acid sequence. 

The three-dimensional shape of the s\Tiiheiic heteropolymer and rigidity of the 
spacer sequence may be further modified by hybridizing or specifically binding one or more 
nucleotide sequences to the spacer sequence. In the instant application, multimolecuiar 
complex refers to a synthetic heteropolymer or multivalent heteropolymeric hybrid structure 
10 having at least one identified molecule specifically bound or at least two diflereni aptamer 
molecules bound to the same target molecule or to a linker molecule. When used in reference 
to a complex comprising a synthetic heteropolymer. multimolecuiar heteropolymeric 
complex is the preferred term. A complex comprising at least two aptamers may also be 
referred to as an aptameric multimolecuiar complex or s>Titiieuc heteropolymer. Two 
15 different aptamer molecules joined to one another either direcUy or via a linker molecule 
(i.e.. a nucleotide spacer, spacer molecule, oligonucleotide linker or nonnucleotide linker) 
to comprise a discrete structure capable of specificall\ recognizing two different 
nonoligonucleotide molecules is a synthetic heteropolymer. Similariy, an aptamer molecule 
and a second defined sequence segment may be referred to as a synthetic heteropolymer. if 
20 they comprise a discrete structure capable of specifically recognizing a nonoligonucleotide 
molecule and of hybridizing a selected nucleic acid sequence. 

Multivalent heteropolymeric hybrid stnicnire refers to two or more synthetic 
heteropdymers hybridizably linked Each heteropolymer comprises nucleotides, prefeiably 
oligonucleotides, having at least two defined sequence segments. A first defined sequence 
25 segment of at least one heteropolymer is capable of specifically binding to a 
nonoligonucleotide molecule or group of molecules, preferably a receptor, ligand, structural 
molecule or molecular effector. The first defined sequence segments of other synthetic 
heteix)pol>-mers comprising the multivalent heteropolymeric hybrid structure are capable 
either of specifically recognizing a selected molecule or of specifically binding or hybridizing 
30 to a selected nucleic acid sequence or of positioning a conjugated selected molecule within 
functional coupling distance of a nonoligonucleotide molecule specifically bound to the first 
defined sequence segment of the first synthetic heteropolymer, thereby enabling functional 
coupling between the conjugated selected molecule and Uie specifically bound 
nonoligonucleotide molecule. Where Uie first defined sequence segment of the second 
35 synthetic heteropolymer is designed or selected to position a conjugated selected molecule 
for functional couphng to a specifically bound nonoligonucleotide molecule, the 
nonoligonucleotide molecule is preferably an efi^ecior molecule and more preferably a signal- 
generating species or a drug. The specifically bound nonoligonucleotide n>olecule is not a 
ligand or a receptor covalenUy attached to tiie conjugated selected molecule. Second defined 
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sequence segments of the synthetic heteropolymers are capable of hybridizing to each other 
or to a linker oligonucleotide, optionally foraiing a double-stranded recogniuon site (e.g., an 
aptamer, immunoieacuve epitope or biological recognition site) or intercalation site (e.g.. for 
a drug or a dye) between the first defined sequence segment of a first synthetic 
5 heteropolymcr and the first defined sequence segment of a second syntheuc heieropolymer. 
Unker oligonucleotide, also refeired to herein as a linker oligonucleotide, refers to an 
oligonucleotide sequence, plurality of oligonucleoUde sequences, monomers or pohmeis, or 
a linker molecule capable of specifically binding or hybridizing to two or more conjugated 
defined sequence segments or to second defined sequence segments of two or more 
10 sv-nthetic heteropolvmers. thus joining the conjugated defined sequence segments or 
synthetic heteropolymers into a discrete sUTicture. An oligonucleotide linker may also join 
two nucleotides by covalent attachment. Alternatively, an oligonucleotide Hnker may attach a 
first nucleoude covalentty and a second nucleotide noncovalenUy. Oligonucleotide linkers 
conjugated to selected molecules may also join pairs of nucleotides by specific binding or by 
15 combinations of specific binding, hybridization and covalent attachment A nucleotide may 
also first bind a linker oligonucleotide noncovalenUy and subsequently be attached 
covalcnily. Examples of the linker oligonucleotide include, but are not limited to: an 
oligonucleotide; a stem-loop, bulged or pseudoknot stfucture having single-stranded ends 
capable of hybridizing to the second defined sequence segments; a duplex, triplex or 
20 quadruplex suucmre having single-suanded ends capable of hybridizing to the second 
defined sequence segments; a branched-chain or branched-comb structure having defined 
sequence segments capable of hybridizing to the second defined sequence segments; a 
nucleic acid dendron or dendrimer (e.g.. Tomalia et al. (1993) In: Topics in Current 
Chemistry, pp. 193-245 Springer, Beriin) or a dendron, dendrimer or other branched or 
25 hyperijranched structure attached to nucleotides comprising defined sequence segments 
capable- of "hybridizing to the second defined sequence segments; a nondigonucleoude 
dimer, mulumer or polymer comprising monomeric subunits attached to defined sequence 
segments of nucleotides capable of hybridizing to the second defined sequence segments; a 
heteroconjugate comprising a nonoligonucleotide molecule or group of molecules attached to 
30 defined sequence segments of nucleotides capable of hybridizing to the second defined 
sequence segments; a single-suanded or partially single-stranded nucleic acid molecule or 
group of molecules having a defined topology comprising defined sequence segments 
capable of specifically binding or hybridizing to the second defined sequence segments; a 
douWe-stranded or partially double-stranded nucleic acid molecule or group of molecules 
35 having a defined topology comprising defined sequence segments capable of specifically 
binding or hybridizing to the second defined sequence segments; and a cyclic 
oligonucleotide or circular structure having defined sequences capable of hybridizing to the 
second defined sequence segments. 
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Second defined sequence segments, linker oligonucleotides and hybridizable 
spacer sequences may be selected so as to intfoduce, via hybridization of first and second 
syntheuc heteropolymers, duplex regions thai can be selectively targeted or modified, e.g.. 
by intercalating agents or anti-double-stranded oligonucleoiide antibodies, or thai comprise 
5 specific recognition properties, e.g., a double-stranded aptamer, triplex-forming sequence or 
biological recognition site. In addiuon, duplex regicms formed by hybridized defined 
sequence segments and/or linker oligonucleotides can be stabilized, e.g.. using crosslinking 
agents, disulfide bonds, photoaciivatable reagents, irradiation, covalently linked 
iniercalatore, hydrophobic inieracuons, triplex-forming oligonucleotides, or conjugates or 

1 0 com binations thereof. 

Unkere, linker molecules, and ncMinucleotide linkers, when used in reference to 
nonnucleotide molecules that link nucleotides, include molecules capable of joining two 
nucleotides either covalently or noncovalenUy. Nonnucleotide linkers include, for instance 
and without limitation, selected molecules capable of binding two aptamers (i.e., joining two 

15 ^tamers to form a multimolecular complex), dendrons, nonDNA dendrimers, peptides, 
proteins, nonnucleotide linkages and bridges, nonnucleotide monomers, dimers and 
polymers, ligands and receptors (e.g., biotin, digoxigenin. avidin, streptavidin. antibodies), 
lipids, sugars, polyethylene glycols, cholesterol, fusion proteins, bispecific antibodies, 
chelating agents, intercalating agents, crosslinking agents, and nonnucleotides comprising 

20 bifunctional, heterofunctional multifunctional molecules and nonnucleotide oligonucleotide 
linkers. 

Two or more defined sequence segments comprising a synthetic heteropolymer 
may be attached to one another by intemucleotidic linkages, e.g.. by automated nucleic acid 
synthesis, recombinant methods or in vitro reiriication. transcription, amplification, ligation 

25 or strand extension procedures well known in the art. Alternatively, defined sequence 
segments comprising a synUietic heteropolymer may be attached by covalent methods, 
preferabh using a bifunctional crosslinker and optionally a carrier, bridge or spacer 
molecule or a dendritic or polymeric linker species (e.g., a monomer such as glycine, 
glucose, monoglyceride or ethylene diamine, a dendron such as a poly(araidoalcohol), 

30 poly(ar>lester) or poly(siloxysilane) monodendron, a dimer such as glycyl glycine, or a 
linear or branched polymer, copolymer or multimer such as an oligopeptide, protein, 
polysaccharide, fatty acid, fatty alcohol or fatty alcohol methyl ester, a branched or 
hyperbranched polymer such as a poly(amidoamine) dendrimer, or a water insoluble 
polymer such as polystyrene (i.e., latex), nylon or polypropylene) and more preferably 

35 using 3' and 5' terminal linkers with 5' to 5'. 3' to 3', or 3* to 5' crosslinkers, particulariy 
heterobifunctional crosslinkers, optionally including a carrier, bridge or spacer molecule, 
monomer, dendron or polymer. Defined sequence segments comprising a synthetic 
heteropolymer may also be attached to one another noncovalenUy, preferably 
pseudoirreNersibly. e.g., using conjugated members of a high-affinity specific binding pair 
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(e.g., avidin/biodn or streptavidin/biotin), conjugated chelating or intercalating agents, or 
conjugated molecules or groups of molecules capable of attaching the defined sequence 
segments by hydrophobic or ionic associatioa Methods for preparing a synthetic 
heteropolymer by noncovalent attachment of a biotinylated defined sequence segment and a 
5 streptavidin-conjugated defined sequence segment are described in ExamfAe 6 (vide itrfra). 

Two or more synthetic heteropolymers may be attached to one another by 
hybridization (i.e., to form a multivalent heteropolymeric hybrid structure) or by specific 
binding (e.g., between defined sequence segments or benveen a defined sequence segment 
and a conjugated molecule). Sv-ntheiic heteropolymers may also be attached to one another 
1 0 either directly or via one or more intervening carrier, bridge or spacer molecules or dendritic 
or polymeric linkers by covalent or pseudoirreversible methods, as described for attachment 
of defined sequence segments in the preceding paragraph {vide supra). 

Bifunciional or multifunctional hybrids of synthetic heteropolymers, referred to as 
multivalent heteropolymeric hybrid structures, may also be formed in accordance with the 
15 methods of the invention, having the ability to specifically bind two or more selected 
molecules or nucleic acid sequences. A multivalent heteropolymeric hybrid suiicturc 
comprises at least two synthetic hetcropcdymers. at least one of which comprises a defined 
sequence segment capaUe of specifically binding a nonoligonucleotide molecule. Multivalent 
heteropolymeric hybrid structures capable of assembling molecules within a multimolecular 
20 transducer is prepared as follows. Two molecules or groups of molecules capable of 
performing a useful function when brought into close spatial proximity are identified, at least 
one of which is a nonoligonucleotide molecule, preferably a receptor, ligand or molecular 
effector. A first defined sequence segment capable of specifically binding to an identified 
nonoligonucleotide molecule is selected, preferably by repeated selection and amplification 
25 of oligonucleotide pools, more preferaWy by combinatorial selection and amplification of an 
c^igcmucleoiide library. A first synthetic heteropolymer comprising the first defined 
sequence segment and a second defined sequence segm«it capable of hybridizing to a 
selected nucleic acid sequence is SN-nthesized by methods well known in the art. A second 
synthetic heteropolymer comprising a first defined sequence segment selected to bind the 
30 second identified molectile and a second defined sequence segment capable of hybridizing 
wiUi the second defined sequence segment of the first synthetic heteropolymer is synthesized 
by methods well known in the art The first and second synthetic heteropolymers are then 
hybridized through their complementary- second defined sequence segments to produce a 
multivalent heteropolymeric hybrid structure. The hybridized second defined sequence 
35 segments, which may comprise from as few as five to as many as several hundred 
nucleotides, are of such length, preferably about 5 to 40 nucleotides and more preferably 
about 8 to 20 nucleotides, to provide for controlled spacing between tfie two defined 
sequence segments of the multivalent heteropolymeric hybrid structure that are capable of 
specifically binding to the identified molecules. Accordingly, these two defined sequence 
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segments are separated by such distance, preferably 1 to 10 microns and more preferably 2 
to 15 nm. to accommodate specific binding of the two identified molecules in close 
inteimolecular proximity. The molecules can then be bound to their respective defined 
sequence segments of the multivalent heteropolymeric hybrid structure to form a 
5 multimolecular heteropolymeric complex with specifically bound molecules suitably 
positioned for optimal cooperative function. Multivalent heteropoiNineric hybrid suiictures 
useful in assembly of multimolecular switches are prepared in a similar manner, but the 
distance between first defined sequence segments is kept to a minimum, preferably less than 
1 micron and more preferably less than 10 nm, so that binding or activity of a selected 
10 molecule or nucleic arid sequence at the first defined sequence segment of a first synthetic 
heteropolymer influences the binding or activity of a selected molecule or nucleic acid 
sequence at the first defined sequence segment of a second s>-nthetic heteropolymer. The 
appropriate distance between first defined sequence segments to enable such functional 
coupling is achieved, for example, by 1) adjusting the length of the hybrid.zable second 
15 defined sequence segments, preferably to less than 20 nucleotides and optionally less than 
12 nucleotides (preferably crosslinked in place to produce stable, covalent hybrids), 2) 
including a nucleotide spacer, spacer sequence or linker oligonucleotide (e.g., a branched, 
internally hybridized, dendritic, stem-loop or pseudoknot strucmre) to create a bend, loop, 
bulge or branchpoint which increases the topological distance but reduces the spatial distance 
20 between fiist defined sequence segments, and/or 3) including in the synthetic 
heteropolymei? mutually complementary third defined sequence segments whose 
hybridization within the heteropolymeric hybrid structure forms a bent, looped, bulged, 
hairpin, knotted or closed-loop stnicture that reduces the spatial distance between first 
defined sequence segments to less than that of control stnictures lacking third defined 
25 sequence segments (e.g.. a closed-loop heteropolymeric hybrid stnicture having single- 
stranded first defined sequence segments bracketed between hybridized second defined 
sequence segments at one end and hybridized third defined sequence segments at the other 
end). 

In accordance with a preferred embodiment of the present invention, two or more 
30 nonoligonucleotide molecules or groups of molecules capable of cooperating to carry out a 
desired function or functions, preferably receptors, ligands, structural molecules or 
molecular effectors, are assembled in a multimolecular heteropolymeric complex in the 
following manner. Nonohgonucleotide molecules or groups of molecules capable of 
cooperating to cany out a desired function or functions are identified. A first defined 
35 sequence segment capable of specifically binding an identified molecule is selected for each 
molecule, preferably by repeated selection and amplification of oligonucleotide pools, more 
preferably by combinatorial selection of an oligonucleotide library. A synthetic 
heteropolN-mer or multivalent heteropolymeric hybrid suiicwre comprising ^h of the first 
defined sequence segments is tiien prepared such Uiat the arrangement and spacing of these 
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denned sequence segments provides for specific binding of the identified molecules in close, 
spatially ordered inicrmolecular proximity. The identified molecules can then be specifically 
bound to their respective defined sequence segments to form a multimolecular 
heteropolymeric complex capable of performing the desired cooperative function or 
5 functions of the constituent nonoligonucleottdemolecuies. 

In addition, a synthetic heteiopdymcr. multivalent heieropolymeric hybrid 
structure or multimolecular heteropolymeric complex capable of specifically binding to a 
selected nucleic acid sequence may be prepared by a modification of the above method, 
wherein a particular defined sequence segment is selected for its ability to hybridize to a 
10 selected nucleic acid sequence. A svntiietic heieropolymer capable of specifically binding to 
a selected nucleic acid sequence may be prepared by selecting a second defined sequence 
segment capable of hybridization, preferably a nucleic acid probe sequence. A multivalent 
heteropoKTneric hybrid stnicture capable of specifically binding to a selected nucleic acid 
sequence may be prepared by selecting a first defined sequence segment of a constituent 
15 svnthetic hetiropol>-mer capable of hybridization, preferably a nucleic acid probe sequence. 
A multimolecular heteropolymeric complex capable of specifically binding to a selected 
nucleic acid sequence may be prepared by specifically binding selected molecules to eitiier a 
synthetic heteropolj-mer or a multivalent heteropolymeric hybrid strucnire comprising a 
suitable defined sequence segment capable of hybridization. 
20 The syntiietic heteropolymers. multivalent heteropolymeric hybrid structures and 

multimolecular heteropolymeric complexes of the present invention can be added to a 
reaction mixture diiectiy. incorporated into a device, or they may be capable of attaching to 
solid supports and matrices including, but not Umited to, dun and thick films, hpid bilayere, 
microvesicles, membranes, organic polymers, microparticles, and inorganic subsuaies such 
25 as silicon, silicates, plastics, polymers, graphite aiid metals. They may be immobilized by 
covalent attachment, adsorption, controlled deposition or affinity-based methods such as 
hybridization. Immobilization may also be achieved by in situ synUiesis of constituent 
synthetic heieropol>Tncre or linker oligonucleotides on suitable substrates followed by in situ 
self-assembly of multivalent heteropolymeric hybrid structures or multimolecular 
30 heteropdymeric ccMnplexes. 

The proximity of the selected defined sequence segments to one another witiiin the 
synthetic heieropolymer or multivalent heteropolymeric hybrid structure, which is controlled 
by the length, composition and three-dimensional structure of die spacer nucleotide and 
linker oligonucleotide sequences, is such that the binding of a molecule at one defined 
35 sequence segment can modulate the affinity of another defined sequence segment for a 
second nonoligonucleotide molecule. Modulating the affinitv- refers to any increase or 
decrease in the association or dissociation rate constants tiiat characterize the binding 
between a defmed sequence segment and its specific binding partner.; The- binding of a 
molecule at one defined sequence segment can also modulate the activity of a molecule 
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bound lo another defined sequence segment Modulating the activity refers to restoration, 
transduction or elimination in pan or in full of the biological, chemical, optical, catalytic, 
mechanical, electrical or electrochemical activity of a selected molecule or nucleic acid 
sequence. For example, in a diagnostic assay, specific binding of a nonoligonucleotide 
5 molecule such as a receptor or ligand to a second defined sequence segment of a synthetic 
heteropol\-mer may decrease the binding affinity of a first defined sequence segment for a 
bound, inactive or partially inactive molecular effector. This results in displacement of the 
molecular effector and restoration of its activity. Thus, the presence of the selected receptor 
or ligand may be monitored by measuring activity of the molecular effector. In the case of a 
1 0 selected nucleic acid sequence, activity refers either to catalytic properties (e.g., ribozyme or 
catalytic DNA activity) or to information content (e.g., coding or regulator\- properties). 
Modulation includes effects on catalytic activitv-, replication, ti«iscription, translation and 
enzyme^ependeni processes such as strand extension, ligation, amplification, and the like. 

The acu%iiy of a molecule specifically bound at one defined sequence segment can 
15 also modulate the affinity of a second defined sequence segment for a second 
nonoligonucleotide molecule. Local production of hydrogen ions by an enzyme specifically 
bound to one defined sequence segment, for example, can modulate the affinity of a second 
defined sequence segment for a second molecule by decreasing the microenvironmental pH 
surrounding the second defined sequence segment Similariy, the activit>' of a 
20 nonoligonucleotide molecule specifically bound at one defined sequence segment can 
modulate the activity of a second molecule bound to a second defmed sequence segment A 
specifically bound enzyme, for example, may generate any number of products, including 
hydrogen ions, electrons, photons, heal, substrates, prostiietic groups, cofactors or 
inhibitors, that can influence the activity of a second bound effector either directly or through 
25 effects on the microenvironment The occupation state of a ligand or receptor bound at one 
defined sequence segment can also modulate the affinity of a second defined sequence 
segment for a second nonoligonucleotide molecule or the activity of the second 
nonoligonucleotide molecule. Specific binding of a ligand bound at one defined sequence 
segment to its receptor, for example, can increase the dissociation rate of a selected second 
30 molecule bound to a second defmed sequence segment through steric or conformational 
effects. The activity of the second molecule can increase or decrease with dissociation, 
depending on its relative activity in the bound and free states. 

By positioning molecules so that binding or activit>' at a first defined sequence 
segment modulates binding ot activity at a second defined sequence segment, synthetic 
35 heteropolvmers of the present invention can be used to functionally couple a first selected 
molecule or nucleic acid sequence to a second selected molecule or nucleic acid sequence. 
For example, a firet signal-generating molecule such as a Huorophore can be functionally 
coupled to a second signal-generating molecule such as a second Huorophore (e.g.. a donor 
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or acceptor), a light-driven or bioluminescent enzvme (e.g., an ATPase or luciferase) or an 
artificial reaction center (i.e., a molecule capable of photoinduced charge separation). 

Alternatively, a synthetic heteiopolymer of the instant invention can be designed to 
specifically attach and properiy orient a signal-generating molecule to an electronic or 
5 optoelectronic transducer (e.g., an amperometric electrode or photovoltaic cell) so that the 
signal-generating molecule, preferaWy a particular region of the signal-generating molecule 
(e.g., a photon-emitting chromophore or electron-donating redox center), communicates 
intimately with the device (e.g., by energy transfer or direct elecu-onic coupling). A first 
defined sequence segment is selected to specifically bind the selected signal-generating 

10 molecule. A second defined sequence segment is selected to specifically bind or hybridize a 
selected molecule or nucleic acid sequence comprising or immobilized to the device. A 
synthetic heteropolymer comprising the two defined sequence segments, optionally 
separated by a spacer sequence, is then synthesized and used as a molecular template to 
specifically bind the signal-generating molecule within functional coupling distance of the 

15 transducer. 

In addition, synthetic heteropolymers of the instant invention can be used as 
molecular positioning devices to enable functional coupling between different molecules 
conjugated to selected molecules, nucleic acid sequences or defined sequence segments. For 
example, a first signal-generating molecule (e.g., a donor fluorophore or donor enzyme) 
20 conjugated to a first selected molecule (e.g., a peptide) can be functionally coupled to a 
second signal-generating molecule (e.g., an acceptor fiuorophore or acceptor enzyme) 
conjugated to a second selected molecule, (e.g., dextran) wherein the first and second 
selected molecules are specifically bound within functional coupling distance to first and 
second defined sequence segments of a synthetic heteropdymer or multivalent 

25 heteropolymeric hybrid structure designed to position said first and second selected 
molecules within close spatial proximitN*. Alternatively, one or more signal-generating 
species (e.g., donor or acceptor fiuorophores or enzymes) may be conjugated to a selected 
nucleic acid sequence which is capable of hybridizing to a second defined sequence segment 
of a synthetic heteropolymer, enabling energy transfer or enzyme channeling between the 

30 conjugated selected nucleic acid sequence and one or more signal-generating molecules 
(e.g., donor or acceptor fiuorophores or enzymes) conjugated to either 1) a first or second 
defined sequence segment of the synthetic heteropolymer, or 2) a selected molecule or 
nucleic acid sequence capable of specifically binding or hybridizing to a defined sequence 
segment of the synthetic heteropolymer. In a related mode of operation, a first signal- 

35 generating molecule which is conjugated to a selected molecule or nucleic acid sequence may 
be functionally coupled to a second signal-generating molecule which is specifically bound 
to a defined sequence segment of the synthetic heteropolymer or multivalent heteropolymeric 
hybrid structure. - 
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It will be apparent to one of skill in the art that synthetic heteropolymers of the 
instant invention can be used to provide functional coupling between selected molecules and 
nucleic acid sequences which are attached to the synthetic heieropoKmer either covalenily or 
noncovalently and either directly or indirectly, so long as ai least one defined sequence 
5 segment of the synthetic heieropolymer is capable of specifically recognizing a 
nonoligonucleotide molecule or conjugate. 

Heieropolymeric functional coupling of the instant im ention does not include the 
interaction between a riboz>TTie and its biological recognition site, i.e., the catalytic activity 
resulting from ribozyme-based recognition and cleavage of a biological nucleic acid 
10 sequence. Also outside the scope of the instant invention are riboz\*mes comprising synthetic 
defined sequence segments that bring the ribozyme catalytic element under allostehc control, 
i.e., by specific recognition of a selected molecule or selected nucleic acid sequence that 
regulates ribozyme catalvtic activit\'. 

The svnthetic heteropolymers, multivalent heteropoKmeric hybrid structures and 
15 multimolecular heteropolymeric complexes of the present invention may be used in a variety 
of applications which will become apparent to those skilled in the an upon reading this 
disclosure. For example, the present invention may serve as a homogeneous nucleic acid 
probe diagnostic used to report hybridization reactions. Nucleic acid probes are single- 
stranded sequences of DNA or RNA that specifically hybridize to defined target sequences 
20 of nucleic acids in a test sample. DNA probes labeled with detectable maricers such as 
enzymes, isotopes, fluorophores or chemiluminescent compounds, provide a useful means 
for detecting and quantifying selected nucleic acid sequences in biological samples. DNA 
probe diagnostics have yet to realize substantial commercial success, however, largely 
because the complexity of lest protocols have precluded routine implementation in clinical 
25 ]aboraior\- settings. In addition, current DNA probe assays are substantially more time-, 
labor-, skill- and cost-intensive than the two dominant in vitro diagnostic modalities, clinical 
chemistry and immunodiagnostics. 

In general, present technologies for heterogeneous DNA probe diagnostics involve 
the following steps. Genomic, cellular or plasmid DNA is exutfccted from test samples. The 
30 DNA is denatured to \ield single-stranded targets. Target sequences are then amplified by 
successive replication using methods such as the polymerase chain reaction (PCR) or ligase 
chain reaction (LCR). Amplified target sequences are inunobilized, and labeled probes are 
hybridized to the immobilized targets. The immobilized probe-target hybrids then require 
separation from unbound probes and successive washing before the bound probes can be 
35 detected bv* addition of a signal generator. 

In accordance with the present invention, a varietj- of homogeneous DNA probe 
reagents can be prepared utilizing synthetic heteropolymers which simplify this process. In 
the present invention, the tenm homogeneous, as contrasted with heterogeneous, refers to 
properties of assay reagents that eliminate the need for tedious separation arid washing steps. 
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In homogeneous assays, the activity of a signal-generating species, process, or detectable 
label is altered when a probe specifically binds its target. Specific binding can then be 
quantified without physically separating bound complexes from unbound reagents. In one 
embodiment, a multimolecular heteropdymeric complex comprises a synthetic 
5 heteropolymer having an effector molecule specifically bound to one of the defined sequence 
segments. Examples of preferred molecular elTectors include, but are not limited to, such 
detectable species as chromogenic, Huorescent, chemiluminescent, bioluminescent and 
electroactive substances and enzymes, more preferred enz>Tnes being glucose-6-phosphate 
dehydrogenase (G6PDH). acetyl cholinesterase, glucose oxidase, B-galactosidase, lysozyme 
10 and malate dehydrogenase. The second defined sequence segment of the multimolecular 
heteropolymeric complex is capable of hybridizing with a selected nucleic acid sequence. 
This defined sequence segment serves as a nucleic add probe. The multimolecular 
heteropolv-meric comjilex may be incorporated into a dry-reagent test device, attached to a 
solid support to create an immobilized reagent or added to a liquid reaction mixture. In this 
15 embodiment, the activity of the molecular effector is modulated by target hybridization at the 
second defined sequence segment It will be appreciated by those skilled in the art that many 
permutations of a single-reagent homogeneous format can be developed by selecting 
different combinations of molecular effectors and defined sequence segments. The state of 
activity of a particular molecular effector depends on the binding locus, length and affinity of 
20 Uie selected defined sequence segment, which can be optimized for maximal target- 
dependent modulation. 

In anotiier embodimait, tije multimolecular heteropolymeric complexes of tiie 
present invention comprise a synthetic heteropolymer having a ligand specifically bound to a 
first defined sequence segmait and a second defined sequence segmojt capable of 
25 hybridization. The multimolecular heteropolymeric complex may be attached to a solid 
support to create an immobilized reagent, incorporated into a dry reagent test device, or 
added to a liquid reaction mixture. In tiiis embodiment, hybridization at the second defined 
sequence segment can modulate either the affinity of tiie first defined sequence segment for 
the ligand or tiie activity of tiie ligand, resulting in activation or inhibition of a molecular 
30 effector that is not a constituent of tiie multimolecular heteropolymeric complex. 

This same basic reagent composition described for homogeneous DNA probe 
diagnostics can be used for pseudoimmunodiagnostic applications tiirough modular 
substitution of the defined sequence segments. Homogeneous diagnostic assays employing 
mc^ecular elTecior-oIigonucleotide complexes to (tetect nonoligwiucleotide molecules 
35 represent a replacement technology for immunodiagnostics. The utihty of tiiis approach 
resides in its simplicity, ease of use, modular design and versatihty. By selecting defined 
sequence segments that specifically bind the nonoligonucleotide molecules to be analyzed, 
hereinafter anal>Tes, diagnostic reagents can be developed which functicMi much like labeled 
antibodies but with a number of important advantages. Activation of a molecular effector, 
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preferably an enzyme, bound at a first defined sequence segment by analyte binding at the 
second defined sequence segment provides for a homogeneous, single-step, single-reagent 
diagnostic test In addition, labeling of the synthetic heteropolymer with the molecular 
effector is accomplished by self-assembly of specific binding partners, thereby precluding 
5 tedious and imprecise covalent conjugations. 

Development of new diagnostic products using the modular design approach 
requires only selecticm and optimization of one defined sequence segment of the synthetic 
heteropolxTOcr. The defined sequence segment that binds the molecular effector, the 
molecular effector itself, and any linker oligonucleotides arc conserved from product to 
10 product. This modular approach to product development is both efiicicnt and economical. 
Unlike homogeneous immunoassays, which tend to be best suited for either large molecules 
or small molecules, the present approach provides a common reagent configuration arid 
assay protocol for any class of analytes. These pscudoimmunodis^nostic compositions can 
be incorpcTOted into any reagent delivery system including, but not limited to, slides, 
15 cartridges, sensors, test tubes, microti ter pdates and autoanalyzer reagent channels. 

In one embodiment cf homogeneous pseudoimmunodiagnostics, low molecular 
weight analytes are detected with high sensitivity in the following manner. A multimdecular 
heteropolymeric complex is prepared comprising a synthetic heteropolymer or multivalent 
heteropolymeric hybrid suiicture with a reporter molecule, preferaWy a molecular effects, 
20 more preferably an enzyme such as G6PDH, specifically bound to one defined sequence 
segment and the ligand moiety of a ligand-carriCT OMijugate specifically bound to a second 
defined sequence segment. Examples cf analytes for which such a complex is useful 
include, but are not limited to, hormones such as thyroxine (T4) and uiiodothNTonine (T3), 
prdactin, Cortisol, estriol, esuadiol, progesterone and testosterone; therapeutic drugs such 
25 as theoph>1Iine, digoxin, phenytoin, valproic acid, phenobarbital, antibiotics and 
immunosuppressants; and drugs of abuse such as THC, cocaine, PCP. opiates and 
amphetamines. Due to their low molecular weights, some of these analytes may not be as 
effective in modulating the activity of a molecular effector specifically bound to a synthetic 
heteropoKmer as high mcJecular weight analytes such as proteins, immunoglobulins and 
30 cell surface antigens. The impact of specific binding of such low molecular weight anal\tes 
to a first defined sequence segment of a multimolecular hetcrqx)lymeric complex on the 
activity or affinity of an effector molecule specifically bound to a second defined sequence 
segment can be ami^ified through analyte-dependent displacement of a large ligand-carrier 
conjugate from the first defined sequence segment 
35 The homogeneous configuraticMis of the present invention can be adapted for use 

with a wide range of reporter molecules. Examples of molecular effectors that can serve as 
effective reporters in a multimolecular heteropolymeric complex include, but are not limited 
to, fiuorophores, phosphors, bioluminescent and chemiluminescent reagents, quenchable 
dyes, activatable dyes and enzyme-enhanced luminescent and fiuorescoit reagent systems. 
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Homogeneous pseudoimmunodiagnostic configurations are therefore compatible with all 
existing and anticipated nonisotopic detection systems, including, but not limited to, 
spectrophotometers, reflectance photometers, luminometers, fluorimeters, potenliosiats, 
poientiometere, and confocal and fluorescent microscopes. 
5 Classes of analytes for which multimolecular pseuddmmunodiagnostic 

hetcropolymeric complexes may be most useful include, but are not limited to: infectious 
diseases, including viral, bacterial and fungal antigens and antibodies against these antigens; 
endocrinology and metabolism, including thyroid and reproductive hormones, B12, folate, 
ferritin, glycosylated hemoglobin, parathyroid hormone, calcitonin and Cortisol; therapeutic 
10 drugs, including theophylline, digoxin, phenytoin, valproic acid, phenobarbital, antibiotics 
and immunosuppressants; allerg>' and immunology, including allergen-specific IgE and 
autoantibodies; drugs of abuse, including cocaine, cannabinoids, phencyclidine and 
amphetamines; cancer, including CEA, AFP, CA 125, CA 50, CA 19-9, CA 15-3, PAP and 
PSA; and cardiovascular disease, including apolipoproteins, fibrinogen, cardiac enzymes 
15 and isoforms, troponin, myosin light chains and myoglobin. 

Clinical chemistrv* tests relying on coupled enzyme reactions can also be performed 
efficiently ami with high sensitivity through use of multimdecular hetcropolymeric 
complexes. The benefits of using multimolecular hetcropolymeric complexes over 
conventional reaction mixtures include increased sensitivity-, reagent stability and reaction 
20 rates; decreased sample volume and reagent mass/test; and suitability for direct signal 
transduction using immobilized multimolecular heteropolymeric complexes. 

The combination of homogeneous DNA probes, homogeneous 
pseudoimmunodiagnostic assays and coupled enzyme clinical chemistries provides a unified 
approach to the three major classes of in vitro diagnostics, thereby enabling development of 
25 a uni\.ersal clinical analyzer through use of multimdecular heteropolymeric complexes. 
Synthetic heteropdymers are particulariy attractive for development of integrated diagnostic 
platforms, e.g., multianalyte biosensors and biochip arrays, because multimolecular 
complexes comprising each required type of effector or target specificity' (i.e., for DNA 
probing, pseudoimmunodiagnosiics and clinical chemistry) can be attached to a transducer 
30 surface using a single, common process, e.g., immobilization of oligonucleotides and/or 
hybridization of defined sequence segments. In this way, nudeotide-directed molecular 
assembly can be used to produce useful arrays, e.g., ordered arrays of multimolecular 
complexes for diagnostics, drug discovery and/or high-throughput screening, e.g., by 
patterning on a chip or u^sducer surface (e.g., a slide, cartridge, semiconductor or 
35 optoelectronic device) oligonucleotide sequences comprising or complementary to defined 
sequence segments of nucleotide-based discrete sffuctures, preferably synthetic 
heteropolymers or multimolecular devices. 

An ill vitro diagnostic tool is just one erf* the many applications for svnlhetic 
heteropolymers, multivalent heteropolymeric hybrid structures and multimolecular 
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heteropolymcric ccmplexes- Molecular complexes comprising multiple coui^ed efTector 
molecules, such as enzymes, represent molecular jaxxiessing compositions that can be 
apfdied to cost-effective biosynthesis, induding the production of chiral drugs and 
intermediates, industrial production and processing, computer-aided metabolic simulation 
5 and development of artindal organs. The multimolecular heteropolymeric complexes 
described for homogeneous diagnostic assays are special examples of stimulus-sensitive 
molecular effectors or molecular switches that can be applied to in vivo diagnostic imaging, 
implantable devices, biosensors and biochips, pharmaceuticals and drug delivery. 

Using a therapeutic enzyme as the molecular effector ccmpcxient of a 

10 multimolecular heteropolymeric complex, delivery of the acti\ e therapeutic can be triggered 
by a spedfic binding event between an unoccupied deHned sequence segment of the 
complex and a physiological receptor or pathological target Examples of therapeutic 
enzymes include, but are not limited to, tissue plasminogen activase and streptokinase (for 
acute myocardial infarcticm and pulmonary embolism), superoxide dismutase (for oxygen 

15 toxidiy in premature infants), DNAse (for cystic fibrosis and chronic bronchitis) and 
cerebrosidase (for Gaucher^s disease). It will be appreciated by those skilled in the art that in 
addition to enzymes, a virtually limitless array of therapeutic effectors can be spedfically 
bound in inactive or inaccessiWe form to one defined sequence segment of a synthetic 
heteropolymer or multivalent heteropolymeric hybid stnicnire such that activation occurs 

20 upon spedfic binding of a second defined sequence segment to a physiological receptor or 
pathological target 

Many diseases, syndromes and pathological processes are multifactorial, 
suggesting the potential clinical value of combination therapies. However, combination 
therapies present significant risks in the fOTm of combined toxidties and dnig interactions. 

25 Msyor therapeutic development strategies aimed at increasing drug efficacy without 
concomitant increases in toxidty revolve around novel drug delivery and targeting 
aH>roaches. Therapeutic immunoconjugates for site-spedfic deliverv of radioisotopes or 
cytotoxins have received a great deal of attention over the past decade. Fusion proteins 
comprising a targeting moietv' and a toxic moietv' are also being developed for infectious 

30 diseases and cancer. 

Synthetic heteropolymers, multivalent heteropoKtneric hybrid structures and 
multimolecular heteropolymeric comfdexes enable novd approaches to combination 
therapies and targeted drag delivery that cannot be achieved using therapeutic 
immunoconjugates or fusion proteins. In simplest form, s\Tithetic heteropdymers or 

35 multivalent heteropolymeric hybrid structures can be designed to specifically bind two or 
more neighboring sites on a single pathophysiological target Bifunctional heteropolymers, 
for example, can act upon: two sites on a single molecule, such as an enzyme or a receptor, 
two molecules in a single structure, such as two proteins in a multimolecular receptor- 
effector system or a viral nucleic acid sequence and an associated coat protein; or two 
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molecules on different structures, such as cell adhesion molecules or recepica^ located oa 
different cells. Although most of these approaches are technically plausible with 
immunoconjugates, bispecific antibodies or fusion proteins, sj-nthetic heteropolymers and 
multivalent heteropolymeric hybrid smictures provide a number of advantages that render 
5 them substantially more useful. First, nucleotide sequences that make up the synthetic 
heteropolymers can be selected and synthesized with desired specificity and affinity for 
either specific nucleic acid sequences or nonoligonucleotide molecules. Second, unlike 
bispecific antibodies and therapeutic immunoconjugaies, multivalent heteropohmeric hybrid 
structures can be conveniently engineered with three or more specific binding sequences. 
10 Third, synthetic heteropolymers and multivalent heteropolymeric hybrid structures can be 
synthesized by established chemical methods, obviating the technical challenges and 
uncertain outcomes of designer antibody and fusion protein production. Fourth, the spacing 
of multiple specific binding sequences in synthetic heteropoKmeric and multivalent 
heteropolymeric hybrid structures can be rationally designed and conu-olled through 
15 s\'stematic production and evaluation of structures composed of \ ariable-length and variable 
composition spacer sequences and linker oligonucleotides. In addition to two-site therapeutic 
actions, a number of other drug de\'elopment approaches can be pursued through nucleotide- 
directed molecular assembly. 

In a first embodiment, multimolecular heteropolymeric complexes are synthesized 
20 comprising two or more specific binding sequences, wherein a therapeutic drug is 
specifically bound to a first defined sequence segment and the second defined sequence 
segment is capable of specifically binding to a therapeutic target. This embodiment enables 
use of the specifically bound drug as a targeting agent for site-specific delivery of the 
unoccupied specific binding sequence or, alternatively, use of the unoccupied defined 
25 sequence segment for site-specific delivery of the bound drug. In either case, the 
combination of drug action and specific binding of the unoccupied defined sequence 
segment to a pathophysiologic target can produce therapeutic effects through two distinct 
mechanisms ctf action. For example, a therapeutic for HIV could comprise a multimolecular 
heteropolvmeric complex having a protease or reverse transcriptase inhibitor specifically 
30 bound to one site of a synthetic heteropolymer with an HI V-specific DNA probe or antisense 
sequence as the second site. 

In a second embodiment, combination therapies relying on multimolecular 
heteropolymeric complexes comprising a ligand, preferably a therapeutic drug, specifically 
bound to one defined sequence segment and a molecular effectw, preferably an enzyme, 
35 specifically bound to a second defined sequence segment are synthesized. In this 
embodiment, a high-afllnity ligand may be used to deliver the complex to a particular site 
where simultaneous actions of the ligand and the molecular effector yield an additive or 
synergistic therapeutic effect An example of such a multimolecular heteropolymeric 
complex is an adenosine regulating agent such as Arasine™ (Gensia Pharmaceuticals, San 
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Diego, CA) specifically bound to a first defined sequence segment wiih the enzyme tissue 
plasminogen activase or Activase™ (Geneniech, San Francisco. CA) bound to a second 
defined sequence segment to yield localized thrombolytic and cardioprotective effects in 
perimyocardial infarction, coronar\' anery bypass surgery and angioplasty procedures. 
5 In a third embodiment, combination therapies relying on multimolecular 

heieropohmeric complexes comprising different ligands, preferably drugs, specifically 
bound to different defined sequence segments of a synthetic heteropolymer or multivalent 
heieropolvmeric hybrid structure are synthesized. Examples of pairs of ligands w hich can be 
bound to selected defined sequence segments of synthetic heteropolymers or multivalent 

10 heteropolymeric hybrid structures include, but arc not limited to: a histamine H2 recepiOT 
antagonist such as Tagamet™ (SmithKline Beecham Pharmaceuticals, King of Prussia, PA) 
and a proton pump inhibitor such as Losec™ (Astra AB Pharmaceuticals, Sodertalje, 
Sweden) for the treatment of gastric ulcers; a histamine Hj receptor antagonist such as 
terfenadine and a mast cell release inhibitor such as cromol\Ti sodium for the u-eaimeni of 

15 histamine-mediated diseases such as bronchial asthma; an interleukin such as IL-3 and a 
colony stimulating factor such as GM-CSF for treaunent of leukemias, cerebral malaria, 
leishmaniasis and allergic disorders such as bronchial asthma; and a P-glycoprotein inhibitor 
such as verapamil or cyclosporin and one or more chemotherapeuiic agents such as 5-FU 
and levamisole to eliminate the risks of multi-drug resistance while ueating malignancies. 

20 It is preferred that the combination therapies discussed be administered in a 

triggered release configuration, i.e., as a prodrug, wherein binding of a first defined 
sequence segment, as in the first embodiment, or specifically bound Ugand, as in the second 
and third embodiments, to its therapeutic receptor releases or activates the ligand or effector 
specifically boimd to a second defined sequence segment of a multimolecular 

25 heteropolymeric complex. For example, binding of the Ho antagcMiist Tagamet^^ to a gastric 
histamine receptor would result in release o( Losec™ to the gasuic i»-oton pump through a 
confOTnaiional shift in the multivalent heteropolymeric hybrid su^cture used to deliver the 
two drugs. 

In addition to the diagnostic and therapeutic utilities discussed, the present 
30 invention can also be utilized in a variety of applications including, but not limited to: 
sequential, multistep enzymatic synthesis of a particular [roduct or degradation or a toxic 
metabolite; coupling proteins to selectively or actively transport iais and metabolites; 
coupHng cNiochromes to transduce chemical energy by means of electron transfer-dependent 
oxidation-reducti(Mi reactions; coupling redox mediators such as ubiquinones, ferricinium 
35 salts, rubidium, viologms, tetrathiofulvalene, tetiac\-anoquinidodimethane, N- 
methylphenazinium, benzoquinone or conducting polymers or organic conducting salts to 
transfer electrons between electroactive molecules such as redox enzymes and electrodes in 
bioelectronic and optoelectrcmic devices such as biosensors and biochips; coupHng 
photoactive compounds such as fiuorophores with other photoactive compounds or with 
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redox proteins or enzymes for energy transfer devices and artificial photosyniheiic systems; 
and coupling pro-drugs for staged-dclivery or triggered aclivaiion. Medical applications that 
rely on ordered arrangements of one or more exogenously administered molecules with an 
endogenous pathophysiological target include, but are not limited to: targeting 
5 radioconjugates or radiochelates of gamma-emitting isotopes such as iodine-131, iodine - 
123, indium-Ill, technetium-99m and copper-67 to pathophysiological markers such as 
cancer antigens CEA, TAG-72, CA 125 and CA 19-9 for in vivo diagnostic imaging; 
targeting radioconjugates, cytotoxins or cytotoxic cells to disease markers for localized cell 
kill; and targeting drugs to pathqjhysiologic receptors to achicA e receptor-, cell- or tissue- 
10 selective therapeutic action. 

Nucleotide-directed enzyme assembly using multimolecular heteropolymeric 
complexes provides a general method for production of spatially ordered, cooperative 
multienzyme systems. Applications include, but are not limited to, production of chiral 
intermediates and chiral drugs, industrial biosynthesis and Coprocessing, diagnostics, 
15 detoxification and computer-aided metabolic simulation. Advantages over soluble 
multienzvme systems include control over the spatial arrangement of individual enzymes 
within complexes; contrd over protein-protein interactions, diffusion distances and 
diffusion times; direct channeling of the product of one enz\me to a proximate enzyme; 
increased efficiencies through preferential reacticm within the Nemst layer, protection of 
20 unstable intermediates; regulation of microenviroiunental factors; control over the direction 
of thermodynaraically unfavorable reactions; and enhanced enzvme stability. Of particular 
commercial value, nucleotide-directed enzymatic cycling can be used to drive NAD(P)H- 
and ATP-driven Wosynthetic reacti(»is using catalytic amounts of expensive pyridine 
nucleotides. In addition, multistep sequential reactions involving unstable intermediates can 
25 be efficiently coordinated through nucleotide-directed juxtaposition of participating enzymes. 

Sequential, multistep enzymatic synthesis refers to the conversion of an initial 
substrate into a final product through a series of enzyme reactions, wherein each proximal 
enzyme generates a product that is a subsu^te for a subsequent enzyme reaction. Practical 
application of multistep enzyme systems to indusuial scale production requires enzymatic 
30 cycling. This technique has been developed for soluble enzymes and has stimulated intense 
efforts in the area of immobilized enzyme systems. For puiposes of this inventicm, 
enzymatic cycling refers to the shuttling of oxidized and reduced forms of a coenzyme 
between two linked enzymes. This type of reaction scheme is useful for a variety of 
applications. There are over 250 NADH-dependent dehydrogenases alone, not including 
35 NAD(P)H-dependent enzymes. Representative NADH-dependent dehydrogenases currently 
used in clinical, fermentation, food and environmental applications include, but are not 
limited to, alcohol dehydrogenase, 3a-hydroxysteroid dehydrogenase, lactate 
dehydrogenase, malate dehydrogenase, glutamate dehydrogenase, glucose dehydrogenase, 
amino acid dehydrogenase, tartrate dehydrogenase, 12a-hydroxysteroid dehydrogenase. 
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estradiol l7a-dehydrogenase, aryl-alcohol dehydrogenase and testosterone p- 

dehvdrogenase. . ^ 

Extremely sensitive determinaticai of either NAD(P)H or anaiytes can be achieved 

through enzymatic cycling. Concentrations of NAD(P)H as low as 10" can be 

5 detennined by measuring fomalion of an NAD(P)H-driven product, because the number of 

cycles per unit time depends on the initial concentration of pyridine nucleotide. Since 

NAD(P) can be suj^lied to the cycling reaction by a wide \ ariety of pyridine nucleotide- 

requiring enzymes, highly sensitive detection can also be achieved for any analyte that is a 

substrate of an enzyme that can be coupled to a cycling reaction. 

10 Enzymatic cycling reactions can also be used for removal of a toxic substance or 

unwanted inhibitor from a reaction mixture or biological sxstem. They can be coupled to a 
wide range of discrete enzymes or multienzyme reaction sequences to catalytically degrade a 
particular undesirable substance. Multienzyme systems simulating hepatic detoxification 
processes and renal denitrification reactions, for example, represent enabling tools for 

15 valuable ttcMnedical devices. Possible applications include extraccrporeal devices for 
patients with severe hepatic disease; enhanced renal dialysis through enzymatic removal of 
urea and other toxic metabolites; and in vivo detoxification through multienzyme drugs, 
implantable devices and artificial organs. 

The same principles applicable to nucleotide-directed multienzyme assemblies can 

20 also be applied to development of labeling reagents for specific binding assays. Such 
labeling reagents can amplify a signal to improve the detection limit of a diagnostic assay or 
oansduce a detectable signal into a different type of signal that can be measured using an 
alternative detection system. Examples of this nansduction capability include conversion of: 
a product that absorbs ultraviolet light into a product that absorbs in the visible range; an 

25 electtochemically detectable product into a spectrophotometrically detectable product and 
vice versa; a spectrophotometrically detectable product into a luminescent or fluorescent 
product; light of one wavelength into longer wavelength light, thereby effectively increasing 
the Stoke's shift; and a product with a high detection limit into a product with a low 
detection limit. 

30 NuclecHide-directed molecular assembly provides a practical approach for the 

juxtaposition of different fiuorophores with overiapping emission and absorption spectra. 
Applications include diagnostics, artificial photosynthesis and optical signal processing. 
Conjugation of fluorescein, Texas red, rhodamine, phycobiliproteins and other fiuorophores 
to ligands and receptOTS provides a useful means to quantify specific binding reactions either 

35 directly or through fluorescence energy transfer. Application of fluorescence energy transfer 
to the development of self-organizing molecular phcHcmic structures (Heller et al. (1993) 
Clinical Chemistry, 59:742) and artificial photosynthesis have also been proposed. 

Those skilled in the art will recognize that the general principles of nucleotide- 
directed enzyme channeling and fluorescence energy uansfer can be applied to the 
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interconversion ol chemical, eleciromagnetic, mechanical and ihennal energy. Contractile, 
secreton- and transpon proteins, for example, represent suiuble mechanical acceptors for 
chemical energy in the same way that cxtochromes and chlorophyll sen e as acceptors of 
electrons and photons, rc: :-ctively, in oxidative metabolism and photosynthesis. 

5 The potential u-iitv- of sNuthetic heteropolxmers. multixaleni heieropolymeric 

hybrid structures and multimolecular heieropolymeric complexes encompasses all 
applications for which the ordered arrangement of molecules enables or improves reactions 
and processes thai do not proceed efficiently u hen such molecules are either randomly 
distnbuied or ordered in bulk. Other utilities for the present inN ention will become obvious 

10 lo those skilled in the an from this disclosure. 

The following examples illustrate certain aspects of the present invention and are 
not intended to limit the same. 

15 Example 1: Multivalent heterppolymeric hybrid structures with synthetic 
heteropplymers attached to DNA dendrimers 

A firsl 30-nucleotide denned sequence segment capable of specincally binding to 
prostate-specific anugen (PSA), a diagnostic marker for prostate cancer, is selected by 
repealed c\cles of partitioning and amplificauon of progressiveh higher affinity nucleic acid 
20 ligands from a candidate mixture as described by Gold et al., U.S. 5,270.163. A second 
defined segment is designed to hybridize to a region of the first of two lypes of single- 
stranded arms (i.e., nucleotide sequences) of the outermost layer ol" a four-layer DNA 
dendrimer (Polvprobe™ . Inc.. Philadelphia. PA). A synthetic heteropoKmer comprising the 
first and second defined sequence segments separated by a 15-nucleoude spacer sequence is 
25 synthesized using an automated DNA synthesizer (Apphed Biosystems, Inc., Foster City. 
CA). This synthetic heieropolvTner is then hybridized to ihe four-layer DNA dendnmer at a 
molar ratio of approximately 3-10 moles of synthetic heieropoh mer per mole of dendrimer 
to lOTm a multivalent heieropolymeric hybrid structure (i.e.. a PSA-binding synthetic 
heteropoKiner-DNA dendrimer hybrid, wherein the DNA dendrimer is a second svntheuc 
30 heteropoh-mer having first and second defined sequence segments capable of h> bridizing lo 
selected nucleic acid sequences). The resulting PSA-binding multivalent heieropolymeric 
hybrid suiicmre can then be used without further preparation in PSA assays relying on 
secondarv- labeling reagents (e.g., labeled, biotinylaied or digoxigenin-modified 
oligonucleotides), or signal-generating species can be directiy incorporated into the stmcmre 
35 to create a labeled primary detection reagent (cf. Example 2, vide infra). 

In an alternative mode of preparation, the firsl defined sequence segment of the 
PSA-binding svTithetic heteiropolymer described above is incorporated during the final stage 
of dendrimer polymerization rather than by hybridization of the synUietic heteropolymer to 
the completed dendrimer. The selected PSA-binding defined sequence segment is added to 
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ihe dendrimer svntheiic process during the final poKTOcrizaiion siep either as a single- 
siranded defined sequence segment (i.e., "end") of an arm or as a double-stranded region 
{i.e., hybridized "middle") of two arms making up the partially double-stranded "monomer" 
used to assemble the outermost layer of the DNA dendrimer. Incorporation of this PSA- 
5 binding monomer yields a multivalent heieropolymeric hybrid structure ha\ing the specific 
binding capabilities of a first s>-nthetic heieropolymer poK-merized into a h\perbranched 
discrete heieropolymeric structure by means of a dendrimeric linker oligonucleotide. In a 
further modification of this approach, the PSA-binding s\Tiihetic heieropolNiner is covalently 
attached to the 5' end of the outermost arm of the DNA dendrimer, rather than being attached 

10 by hybridization. Covalent attachment is accomplished either by enzNinatic ligation or by 
heterobi functional crosslinking to a 5 -terminal amine linker. 

R-Phycoer\thrin (R-PE; Sigma Chemical Company, St. Louis, MO) (or one or 
more aliemati\'e signal-generating species) is attached to either of the above PSA-binding 
multi\alent heteropolxTneric hybrid sunctures either by co%aleni crosslinking using 

15 bifunclional conjugation reagents (cf. Wong (1991), Chemistry of Protein Conjugation and 
Crosslinking, CRC Press) or by hybridization or specific binding of a second defined 
sequence segment of another, different synthetic heieropolymer ha\ing a first defined 
sequence segment capable of specifically binding R-PE (Example 2, vide infra), 

20 Example 2: Fluorescent multivalent heteropolymeric hybrid structures using 
dendrimers 

A biotinylated oligonucleotide complementary to a 20 nucleotide sequence segment 
of the second of two types of single-su^ded arms of the outermost layer of the four-layer 
DNA dendrimer is sjwhesized using biotin-16-dUTP (Boehringer Mannheim Corporation. 

25 Indianapolis. IN) in place of dTTR This biotinylated oligonucleotide is ihen hybridized to 
the PSA -binding multivalent heteropolymeric hybrid sirucnire of Example 1 at a molar ratio 
of approximately 50-150 moles of oligonucleoiide per mole of dendrimer. An excess of 
streptavidin-phycoer\thrin conjugate (Pierce Chemical Company, Rocklbrd, IL) is then 
specifically bound to the biotin moieties of the multivalent heteropolymeric hybrid structure, 

30 and the fluorescent product is purified by denaturing sucrose gradient centrifugation. The 
product is used as a high-intensity, high-sensitivity fluorescent labeled reagent for PSA 
screening or diagnostic testing, preferably in solid phase, immunochromatographic or 
homogeneous energy transfer assay formats. 

A functionally equivalent fluorescent PSA detection reagent that does not rely on 

35 avidin-biotin chemiso^* is produced in the following manner. A first defined sequence 
segment is selected (e.g., by methods described by Qlingion et al. (1990), Nature i46:818- 
822) for the ability lo specifically bind R-PE with relatively high affinity (Kd < 100 nM). A 
second sequence segment is designed to hybridize to a region of the second of two types of 
single-su^ded arms of the PSA-binding synthetic heteropolymer-DNA dendrimer hybrid of 
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Example 1 {vide supra). A synthetic heteropolymer comprising the first and second defined 
sequence segments separated by a 15-nucieotide spacer sequence is then produced using an 
automated DNA synthesizer. This synlheUc heteropol\'mer is then hybridized at a molar ratio 
of 100/1 to the synthetic heteropol>mer-DNA dendrimer hybrid of Example 1 to yield a 
5 multivalent heteropolymeric hybrid suncture comprising a first (PSA-binding) synthetic 
heteropolymer and a second (R-PE-binding) synthetic heteropolymer connected by a 
dendrimeric linker oligonucleotide. In a modification of this example, the second defined 
sequence segment of the second, R-PE-binding synthetic heteropolymer is not designed to 
hybridize to the linker oligonucleotide, but is instead selected for the ability lo specificalh 
10 bind to the outermost monomer strands of the PSA-binding s\niheiic heteropolymer- DNA 
dendrimer h\ brid b\- non- Watson-Crick mechanisms, e.g., through triplex or. quadruplex 
formation. In this manner, the R-PE-binding s\Tithetic heteropolymer can be specifically 
bound to the PSA-binding s\-nthetic heteropolymer-DNA dendrimer hybrid smicture and 
subsequently dissociated from the remainder ol' the heteropol\-mer-dendrimer structure 
15 without denaturing hybridized defined sequence segments). 

Alternatively, a multivalent heteropolymeric hybrid sttucture is constructed from a 
first synthetic heteropolymer having a first defined sequence segment capable of specifically 
binding R-PE and a second sNTJlheiic heteropolymer having a first defined sequence segment 
capable of hybridizing to a nucleic acid target (e.g., a nucleic acid probe specific for a target 
20 RNA or DNA sequence of an infectious organism or genetic marker). The second defined 
sequence segment of each synthetic heteropolymer is hybridized to a complementar\- single- 
smmded arm of the DNA dendrimer. The resulung product is a mulUvalent heteropolymeric 
hybrid structure having an available defined sequence segment capable of specifically 
binding R-PE which is attached \ia a DNA-dendrimer (i.e., a linker oligonucleotide) to an 
25 available defined sequence segment capaWe of hybridizing to a nucleic acid target (i.e.. a 
selected nucleic acid seqiience). 

Alternatively, a multivalent heteropolvmeric hybrid structure ha\ ing R-PE-bmding 
and PSA-binding defined sequence segments hybridized to a DNA dendnmer linker 
oligonucleotide is prepared as follows. A first synthetic heteropolxmer is synthesized with a 
30 first defined sequence segment selected to specifically bind R-PE. a 10-nucleoiide spacer 
sequence, and a second defined sequence segment selected to hybridize to a segment of one 
of two outermost single-stranded arms of the DNA dendrimer. A second synthetic 
heteropolymer is synthesized with a first defined sequence segment selected to specifically 
bind PSA, a 10-nucleotide spacer sequence, and a 'second defined sequence segment 
35 selected to hybridize to a segment of the other outermost single-stranded arm of the DNA 
dendrimer. The PSA-binding synthetic heteropolymer is then hybridized to the DNA 
dendrimer at a molar ratio of three, and the R-PE-binding syntheuc heteropolymer is added 
at a molar ratio of 50 per dendrimer. R-PE may then be specifically bound prior to. during, 
or after addition of the multivalent heteropolymeric hybrid structure to an assay system. 
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Nonnucleic acid dendrimers can also be used as linker oligonucleotides and/or 
assembly scaffolds by first attaching one or more selected nucleic acid sequences as follows. 
Generation seven poly(amidoamine) dendrimers having a molecular weight around 234 
kilodaltons and approximately 1024 terminal amine groups are synthesized by the dix ergeni 
5 controlled method of Tomalia and Durst (Tomalia et al. { 1993) In: Topics in Current 
Chemistry, pp. 193-245 Springer. Berlin). The polyamido dendrimers are then complexed 
by charge neutralization with a four-fold molar excess of a singie-suanded 80mer 
oligonucleotide comprising an 18-nucleoiide synthetic heieropolymer hybridization 
sequence. A synthetic heteropolymer comprising a first 30-nucleotide R-PE-binding defined 

10 sequence segment, a 10-nucleotide spacer sequence, and a second 18mer defined sequence 
segment complemeniar\ lo the hybridization sequence of the dendrimer-complexed 
oligonucleotide is then added at 10% molar excess over the SOmer oligonucleotide. The 
solution is mixed thoroughly and left standing for two hours at room temperature. R-PE is 
then added stoichiometrically with vortexing, the mi.xture is left standing for two hours ai 

15 room temperature, and the resultant R-PE-synthetic heteropolymer-oligonucleoiide- 
dendrimer complex is purified over SEPHAROSE"™ (beaded agarose; Pharmacia LKB, 
Piscataway, NJ). 

Example 3: Multimolecular transducer comprising a fluorescent synthetic 
20 heteropolymer conjugate 

A 36-nucleotide s>Tithetic heteropolymer is synthesized having a first 3 -end 30- 
nucleotide R-PE-binding defined sequence segment (cf. Example 2, vide supra) and a 
second^ noncomplementar\* 5-end six-nucleotide defined sequence segment (ATTTGC) 
terminating in the 13^arbon. 5-tenninal primary amine-generating reagent [N- 
25 irinuoroaceuimido-(3-oxa)-pentyl-N,N-diisopropyl-methyl]phosphoramidite (Bc^hringer 
Mannheim Corporation, Indianapolis, IN). R-Phycoc\*anin (R-PC; absorption/emission 
maximum (Aam/Etnax)=6 17/640 nm; Sigma Chemical Company, St Louis. MO) is 
covalently attached lo the S'-terrninal amine of the svTithetic heieropol\-mer using the NHS- 
ester-maleimide hclerc»bi functional crosslinking reagent SULFOMBS (Pierce Chemical 
30 Company, Rockford, IL). The R-PC-synthetic heteropolymer conjugate is purified by gel 
filtration using a P-100 column (Bio-Rad Laboratories, Hercules CA) and the molar 
concentration is determined by absorbance at 617 nm using a Shimadzu Model UV-160 
recording spectrophotometer An equimolar amount of R-PE (Ania\^Efnax=565/578 nm) is 
then added, and formation of the R-PC-synthelic heteropol\mer-R-PE multimolecular 
35 transducer is monitored by kinetic readings of 640 nm fiuorescence following excitation 
through a 550/30 nm band pass filter using a FLUOSTAR microplate fluorimeter (SLT 
Labinstrumenis, Research Triangle Park, NC) and black FluoroNunc™ plates (Nunc, Inc. 
Naper\ille, IL). Wells containing equivalent amounts of R-PE, R-PC and a 'random 36mer 
oligonucleoude are used as negative conut)ls. Only wells containing R-PE specifically 
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bound to ihe R-PC-synihetic heieropolymer conjugate demonsiraie time-dependent increases 
in lluorescence emission at 640 nm, indicating the presence of functionally coupled effector 
molecules. 

Functionalh' coupled R-PE molecules can be co\alently attached to the R-PC- 
5 synthetic heteropolymer conjugate using the homobifunciional crosslinking reagent, 
glutanildehyde (Sigma Chemical Company, St. Louis, MO). Glutaraldehyde is added 
dropwise with \onexing (0.025-0.10% final concentration) to the R-PC-synthetic 
heteropolymer-R-PE mixture containing R-PE at a final concentration of 0.10-1.0 mg/ml. 
After a 1-4 hour incubation at room temperamre, the reaction is quenched with glycine, 
10 reduced w ith sodium cyanoborohydride and purified by gel chromatography. 

The Stokes shift of the resulting multimolecular transducer is approximately 75 nm 
(Anm/Ema\=565/640 nm). For use as a signal -generating system in fluorescent affinitv- 
based sensors, specific recognition reagents can be hybridized or covalently attached m a 
site-directed manner to nucleotides of the s>-nthetic heteropoh mer portion of the covalent R- 
15 PC-synthetic heteropohmer-R-PE transducer. 

Example 4: Binary switch using a tethered specific recognition device with 
two different fluorescent states 

The general case of the instant example is a tethered recognition device for use in 
20 diagnostics and drug discovery', particularly as a single pixel of a multi-element array for 
high- throughput screening. Parenthetical details in the instant example relate to a specific 
device designed for serotonergic drug discovery*. The tethered multimolecular device 
described in this example is a multimolecular switch, mcae precisely a heteropolymeric 
multimolecular sensor, that happens to be attached and funcuonally coupled to a 
25 macroscopic device, e.g., an optoelectronic transducer. Although detecting, reporting or 
actuating the output of the heteropolymeric multimolecular de\ ice can be achieved using a 
variety of different macroscopic transducers or actuators, e.g., a planar waN eguide, charge- 
coupled device, photodiode or photosensitive transistor, the instant example describes 
generation of an elecu-onic signal through immobilization and functional coupling of the 
30 heteropolymeric multimolecular device to a fiberoptic waveguide that is, in turn, functionally 
coupled to phoiodiodes of a portable fiuorimeter (ORD Inc., North Salem, NH). The 
fiuorimeter is equipped with removable, variable-wavelength excitation and emission filters. 
Fibeis are mounted vertically in a How cell having and perfused with buffer. Ruorescent 
light is collected and guided by the fiber and detected by phoiodiodes arranged so as to 
35 distinguish between surface-bound Huorescence (from smaller angles) and background light 
(from larger angles). Evanescent detection principles for both planar waveguides (e.g., 
Badley, et al. (1987) PhiL Trans. R. Soc. Lond,, BJ76: 143-160) and optical fibers (e.g., 
Rogers, et al. (1992) In: Biosensor Design and Applicarion (Eds. P.R. Mathewson and 
J.W. Finley), Am. Chem. Soc. Symp. Ser., 511, Chapter 13, pp. 165-172) are well known 
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in ihe art The transducer in this example is the optical fiber operaux ely coupled through its 
exanescent field to photodiode(s) capable of generating an electronic signal (n oliage). 

A branched molecular scaffold comprising a flexible polymer shaped like an 
inverted "T" (e.g., a synthetic heteropolymer comprising three 30-nucleoude defined 
5 sequence segments, each having nucleotide spacers and a lerminal linker group) is 
immobilized to an optoelectronic transducer (e.g., a silanized optical fiber capable of 
evanescent coupling to a phoiodiode) with the crossbar of the 'T" affixed to the fiber (e.g., 
having 3' and 5' ends attached to silane amines). The immobilized crossbar of the "T" 
comprises two defined sequence segments: a first defined sequence segment between its 3* 
10 end and the branchpoint and a second defined sequence segment between the branchpoint 
and its 5* end. The trunk of the "T/ comprising a third defined sequence segment (i.e., the 
tethering sequence) is attached at its 3' end to the crossbar branchpoint, i.e., the midpoint 
between the first and second defined sequence segments. The 5* end of the third defined 
sequence segment is covalently attached to a "tethered" fluorescent donor (e.g., a 0.04 
15 micron diameter 488/560 nm (Ama^/Emax) fluorescent latex microsphere (Molecular Probes, 
Eugene OR)). Covalently conjugated to the lluorescent donor via long-chain 
heterobifunciional crosslinkers are two ligands, a serotonin analog (LI) and a DNP analog 
(L2). The first (e.g., 40-nucleotide) defined sequence segment of the tethered device 
comprises modified nucleotides labeled with a first acceptor fiuorophore (e.g., Cy3 
20 (Amax/Enutt = 550/570 nm); Biological Detection Systems, Pittsburgh, PA) and is selected 
to specifically bind LI (as well as serotonin) with relatively high affinity (i.e., K > 10*7 m* 
>). The second defined sequence segment comprises modified nucleotides labeled with a 
second acceptor fiuorophore (e.g., Cy3.5 (Amax/Emax = 581/596 nm); Biological Detection 
Systems, Pittsburgh, PA) and specifically binds L2 (as well as DNP) w hh relatively low 
25 affinity (i.e.. K < lO"^ M-^). In the basal or unstimulated state {i.e.. in the absence of a 
serotonergic drug candidate capable of binding the first defined sequence segment with high 
affinit>), the tethered donor fiuorophore conjugate of the multimolecular device is 
specifically bound through its first ligand (LI) to the (Cy3-labeled) first defined sequence 
segment On e.xciiaticn at 488 nm by an argcm-ion laser, the donor fiuorophore transfers 
30 energy to the firet (Cy3) acceptor-labeled nucleotides of the first defined sequence segment 
which, in turn, emit photons detecuible at 570 nm by evanescent tunneling to a photodiode 
comprising a portable fiuorimeter (ORD Inc., North Salem, NH) equipped with removable 
excitation and emission filters. In the stimulated state (i.e., in the presence of a serotonergic 
drug candidate that specifically binds the first defined sequence segment with high affinity), 
35 the tethered donor fiuorophore conjugate of the multimolecular device is specifically 
displaced from the (Cy3-labeled) first defined sequence segment by the higher affinity 
serotonergic candidate and specifically binds the (Cy3.5-labeled) second defined sequence 
segment. With 488 nm excitation, the dcwior fiuorophore of the tethered recognition device 
now transfers energy to the second (Cy3.5) acceptor-labeled nucleoudes of the second 
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defined sequence segment which, in turn, emit phoions detectable at 596 nm. The presence 
and/of concentration of selected target(s) (e.g., serotonergic drug candidates) is determined 
us a function of first acceptor and second acceptor emission intensities by measuring 
lluorescence responses to 488 nm excitation with selected emission filters and signal 
5 processing algorithms. The resulting output of the tethered recognition dexice is essentially 
that of a simple logic gate. If "target is absent/' then signal = h\ \ (i.e., 570 nm). If "target is 
present/' then signal = hv2 (i.e., 596 nm). 

A tethered recogmtion de\ ice for nucleic acid detection is similarly constructed by 
tethering to the bnaleni crossbar of the polymeric molecular scaffold an effector species, 
10 preferably a donor signal -generating species (e.g., a 488/560 nm fiuorosphere), which is 
conjugated to two different oligonucleotides. The first donor fiuorosphere-conjugated 
oligonucleotide (oligo-1) comprises a 28mer DNA probe complemeniar\' to a selected target 
sequence, e.g., a relati\ely conser\ed sequence of the infectious organism. Chlamydia 
trachontaris. The DNA probe segment of ohgo-1 further comprises a 15-nucleotide sequence 
15 capable of hybridizing to a first defined sequence segment between the 3' tenninus and the 
branchpoint of the polymeric scalTold crossbar (i.e., com ersely, this first defined sequence 
segment comprises a 15-nucleotide segment selected to hybridize to a region of the DNA 
probe sequence of oligo-1). The second fiuorosphere-conjugaied oligonucleotide (oligo-2) 
comprises a 12-nucleotide sequence capable of hybridizing (opuonally with one or more 
20 nucleotide mismatches) to a second defined sequence segment between the branchpoint and 
the 3' terminus of the polymeric scaffold crossbar (i.e., the second defined sequence 
segment and oligo-2 are selected to hybridize with a lesser degree of complementarit\' than 
the first defined sequence segment and oligo-l). As in the tethered specific binding device of 
the preceding paragraph, each specific recognition site (i.e., defined sequence segment) ot 
25 the polymeric scaffold crossbar comprises nucleotides labeled with a different acceptor 
signal generating species. The first defined sequence segment is labeled with the 
fiuorescence acceptor C\3, and the second defined sequence segment is labeled with the 
fiuorescence acceptor Cy3.5. In the absence of the Chlamydia target sequence, the tethered 
donor fiuorosphere of the multimolecular device remains hybridized via oligo-1 to the Cy3- 
30 labeled first defined sequence segment of the crossbar. On excitation at 488 nm by an argon- 
ion laser, the donor fiuorosphere transfers energy to the C>3 acceptor fiuorophores of the 
first defined sequence segment. The excited Cy3 acceptors emit photons detectable at 570 
nm. In the stimulated state (i.e., in the presence of the Chlmnydia target sequence), the 
tethered fiuorosphere-conjugated oligo-1 is specifically displaced from the Cy3-labeled first 
35 defined sequence segment by more complementary hybridizaticm between the 28mer DNA 
probe and Chlamydia target sequence. With oligo-1 hybridized to exogenous Chlamydia, the 
Cy3. 5- labeled second defined sequence segment of the tethered recognition dex ice becomes 
accessible to fluorosphere-conjugated oligo-2. Hybridization of oligo-2 to the second 
defined sequence segment results in fiuorescence energy transfer from donor fiuorosphere to 
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Cy3.5-labeled nucleotides, resulting in laser-induced 596 nm emission. The presence and/or 
concenuniion of selected target sequences is thus deteimined b\ analyzing nuorimeier 
signals at 570 and 596 nm using selected opucal filters, signal processing and data reducuon 
routines. 

5 One poientialh attractive commercial applicauon of tethered specific recognition 

principles exempUned in the preceding paragraphs is a molecular counting device, i.e. an 
array of multimolecular sensors capable of delecting and quantifying very few molecules in 
\er\* small sample \olumes, preferably even an indi\idual molecule in a nanoliter or 
subnanoliter volume. Conventional alTinity-based assays and sensors measure the 
10 concentraiicm of an analue by specific binding of some fraction of analNie molecules within 
a sample (i.e.. a percentage of analyte molecules determined by reagent and analyie 
concentrations, equilibrium binding constants and the reagent and anal\le masses per test). 
Quantification relies on factory or operator calibration of the assay response (i.e., signal) 
using reference standards (i.e., calibrators) comprising known concentrations of analyte. 
15 The molecular counting device, by contrast, is designed to bind essentially e\ er\ analyte 
molecule in a nanoscale sample volume. The number of analyte molecules is counted by 
delecting a first signal corresponding to the number of multimolecular sensors (i.e., tethered 
recognition de\ ices) in the stimulated slate and a second signal corresponding to the number 
of multimolecular sensors in the basal state. 
20 The advantages of counting molecules rather than simply interpolating analyte 

concenuation from a calibration curve will become progressively more apparent as 
microminiaturizaticHi (e.g., of combinatorial synthesis and high-throughput assays) creates 
new testing requirements (e.g., the need for analytical and QA/QC capabilities beyond the 
limits of conventional methods). Evolving anaKiical requirements include the ability to 1) 
25 reproducibly measure ultralow analxte concentrations in uliralow \olumes (i.e., as lew as 
one molecule per unit \olume), 2) precisely measure uluralow delivered \olumes (i.e.. 
nanoliter and even picoliter n olumes) for quality control purposes, and 3) test and control 
cell-to-cell vaiiabilitN- in on-chip arrays. 

Tethered molecular recognition methods described in the instant e.xample can be 
30 applied to the de\elopment of molecular counting devices capable of quantifxing very small 
numbers of molecules (i.e., 1-100) in very small samples (i.e., picoliter to nanoliter 
volumes). In a qualit>- conu-ol mode, use of a calibrator solution comprising a known 
concentration of a selected signal-generating species can be used to precisely measure the 
delivered sample volume. Measured signal is a function of the product of the delivered 
35 volume times the concentration of signal -generating species. Therefore, the delivered 
volume can be measured as a function of the measured signal divided by the known 
concentration of signal- generating species. The dynamic range of molecular counting 
de\nces can be further expanded through fabrication of transducers comprising massively 
parallel arrays of multimolecular sensors (e.g., to create a "molecular abacus"). 
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Tethered recognition devices illusirated in the instant example are ad\ aniageously 
suited, e.g., for use in microminiaturized diagnostic assays and sensors, molecular sorting 
devices, high-throughput assays for screening libraries, (particularly highly diverse 
combinatorial libraries having only one or few copies of each chemical entity), biosensor 
5 and biochip arrays, e.g., DNA chips for genomics, sequencing and drug discovery . 

In an alternative embodiment from those described m the preceding paragraphs, a 
paired cataluic recognition pair is used as effector. Device construction is similar to the 
DNA probe and serotonergic drug screening systems (vide supra) with the following 
exceptions. First, pair enzvines are used as the dual signal-generating modality in place of 
10 two competing fluorescent energy U^fer pairs. The signaling state of the paired enzyme 
system does not requite either energy transfer or luncuonal coupling between two effector 
molecules. Rather. a pair of enzymes (e.g.. oxidase/peroxidase, 
phosphatase/dehydrogenase) is conjugated and used a single effector pair tethered to the 
fjolymeric crossbar of the inverted "T" as above. Conjugated to at least the first enz>me is a 
15 ligand (e.g., a serotonin agonist or antagonist), advantageously attached to the enzyme in a 
site-directed manner (e.g., Offord, R.E. (1990) In: Protein Design and Development of 
New Therapeutics and Vaccines (Eds. J.B. Hook and G. Paste). New York: Plenum, pp. 
252-282; Fisch et al. ( 1992) Bioconjugate Chemistry 3:147-153). This ligand conjugated, 
tethered enzyme is specifically bound in the basal state of the switch to a heteropolymeric 
20 defined sequence segment that occludes the catalytic surface of the enzyme, rendering il 
revei^ibly inhibited. In this basal state, signal can be generated only by the second (paired) 
enzyme. On binding of a high affinity serotonergic drug candidate, displacemeiit of the 
serotonin-enzyme conjugate trips the switch into its stimulated state, wherein the second 
enzyme is specifically bound in an inhibited state to a second, lower alfinity (anti-enzyme) 
25 heteropolymeric defined sequence segment. Signal from the stimulated state can be 
generated only by the first enzyme. In this example, signal discrimination is based on the 
different, e.g., spectral or electrochemical properties of the two paired enzymes. The 
polymeric wings of the immobilized crossbar need not be labeled or otherwise modified. 
Tethered devices comprising enzymatic effectors are pamculariy well suited for solution 
30 phase applications. Tethered and uiggered release drug deli\ery systems comprising 
unpaii-ed therapeutic enzymes are described elsewhere in the instant specification. 

Example 5: Soluble tethered specific recognition device 

Tethered recognitiai devices rely upon specific recognition between at least two 
35 binding partners pseudoirreversibly attached to one another within a single discrete 
structure, molecule or complex. The molecular scaffold comprising the discrete structure, 
molecule or complex may be insolubilized or immobilized, e.g., by attachment to a solid 
support (as described in Example 4. vide supra). Alternatively, tethered recognition devices 
may be dispersed, dispersible or soluble in a particular fluid or solveiit. An important 
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propem- of soluble tethered recognition devices (e.g., soluble muliimolecular sensors) is 
homogeneous signal generation and therefore homogeneous detection. Homogeneous 
detection or stimulus-response coupling means that a specific recognition event (i.e., 
stimulus) influences the activity of a signal-generaung species, providing a detectable signal 
5 (i.e., response) without need for physical separation of bound from free fractions. 

Soluble tethered recognition devices enabling homogeneous detection of selected 
molecules or selected nucleic acid sequences may be configured as follows. For detecting a 
selected molecule (e.g., a drug candidate, clinical analyte, or a ligand or receptor of 
agncultural, en\ ironmental or military interest) or a selected nucleic acid sequence (e.g., an 
10 inlectious agent or a genomic, cellular or plasmid nucleotide sequence) a heteropolymeric 
sensor is constructed with (a minimum oO two defined sequence segments. The first defined 
sequence segment is covalenily attached to an effector species, and the second defined 
sequence segment is capable of specifically binding the effector species. For example, a first 
defined sequence segment capable of specifically binding HIV- 1 re\ erse u^mscripiase (HIV- 
15 RT) with nanomolar affinit\- (K > lO^ M'^ is selected from an RNA library . A second 
defined sequence segment capable of specifically binding and inhibiting the effector enzyme 
AP (Ki > 106 M-1) is selected from a second RNA librar>. A 5'-bioiinylated synthetic 
heteropolymer comprising the first defined sequence segment at the 5' end and the second 
defined sequence segment at the 3' end, optionally separated by one or more nucleotide 
20 spacers, is prepared on an Applied Biosyslems (Foster City CA) synthesizer using 5'-biotin 
phosphoramidiie from Glen Research (Sterling VA). Strepia\ idin-AP is then specifically 
(and pseudoirre\ ersibly) bound to the biotinylated synthetic heteropolymer, and the product 
is purified by gel filtration using a Bio-Rad P-100 colunm (Bio-Rad Laboratories, Hercules 
CA). Effector AP aciivitv' is assayed kinetically in 96-well plates using 4-niu-ophenyl 
25 phosphate for photometric detection at 405 nm or ATTOPHOS^^ (substrate set: Boehnnger 
Mannheim Corporation, Indianapolis IN) for 420/560 nm fluorescence detection. The AP- 
lethered, HIV-RT-binding synthetic heteropolymer is titrated by photometric assay to 
undetectable levels and then assayed in the presence and absence of isolated HIV-RT. An 
HIV-RT-dependent signal can be detected both photometrically and Huorimeuically against 
30 buffer controls and normalized reagent conuols (comprising AP plus AP-binding 
oligonucleotide). In an alternative embodiment of this approach, the second defined 
sequence segment capable of specifically binding and inhibiting the effector enzyme AP is 
not an aptameric sequence, but a defined sequence segment comprising a nucleotide ligand 
capable of inhibiting the enzxine, i.e., a nucleotide analog or modified nucleotide comprising 
35 an AP-inhibitorv* moiet\' with Kj > 10^ M" 1 . 

An HIV-responsive DNA probe version of the two-segment tethered recognition 
device for detection of a selected nucleic acid sequence comprising HIV-1 is prepared as 
described in the previous paragraph with the following modifications. An unbiotinylated, 5'- 
amino-modified, 28-nucleotide HIV-1 DNA probe sequence is suteiituted for the HIV-RT- 
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binding first defined sequence segment. The bivalent synthetic heteropolymer is covaiently 
attached via its 5'-amino group (i.e., the first defined sequence segment) to AP using the 
bifunctional crosslinking agent SULFO-SMCC (Pierce Chemical Company, Rockford IL) 
according to the manufacturer's insuuctions. The AP<onjugaied svTithetic heteropolymer is 
5 purified by gel filtration and assayed photometrically and nuorimeincally for enzv me activitv 
(i.e., inhibited state) and responsiveness to target (i.e., isolated, heat-treated HIV) as 
described in the preceding paragraph. 

In an altematixe embodiment of the homogeneous tethered recogmiion device, 
functional coupling between attached donor and acceptor effectors (i.e., in the basal state) is 
10 used in place of effector (e.g., AP) inhibition. For example, a fluorescence energy transfer- 
based multimolecular sensor for detecting HIV-RT is configured w ith a fiuorescein-labeled 
HIV-RT-binding second defined sequence segment (e.g.. using lluorescein 
phosphoramidite (Glen Research, Sterling VA) at a specific acti\it\ of six) capable of 
specifically binding and transferring energy to the acceptor llucM-ophore. R-PE (Sigma 
15 Chemical Company, St. Louis MO). A first, 5-amino-modified HIV-RT-binding defined 
sequence segment is covaiently attached \ia its 5'-amino group to R-PE using the 
bifunctional crosslinker SULFO-SMCC (Pierce Chemical Company, Rocklbrd IL). A 
second, fiuorescein-labeled R-PE-binding (K < 10^ M'h defined sequence segment 
connected to the first defined sequence, optionally separated by a nucleotide spacer, 
20 specifically binds R-PE so as to position attached Huorescein moieties within energy 
transferring distance of the R-PE- In the absence of HIV-RT, argon-ion laser excitaticxi 
(i.e., 488 nm) of the multimolecular sensor results in efficient energj transfer from 
lluorescein to R-PE with minimal detectable fluorescein emission. In the presence of HIV- 
RT, high-alfinity specific binding of the first defined sequence segment to HIV-RT disrupts 
25 the interaction between the fiuorescein-labeled second defined sequence segment and R-PE. 
HIV-RT recognition is delectable either by an increase in fluorescein emission, a decrease in 
R-PE emission or some combination or algorithm of the two signals. 

For detecting hybridization of a selected nucleic acid sequence, a fluorescence 
energy u-ansfer-based multimolecular sensor like the one described in the preceding 
30 paragraph is prepared with a first defined sequence segment comprising a DNA probe rather 
than an apiamer sequence. For example, R-PE is co% alenlly conjugated to the 5* terminus of 
a 28-nucleoude 5'-amino-modified first defined sequence segment capable of hybridizing to 
a relatively consened HIV- 1 nucleotide sequence. A second, fluorescein-labeled R-PE- 
binding defined sequence segment is connected to the first defined sequence, optionally 
35 separated by nucleotide spacers to facilitate specific binding to the conjugated R-PE. In the 
absence of HIV-1, inmiheieropolxTOer specific binding results in efficient energy transfer 
from fluorescein to R-PE. In the presence of HIV-1, hybridization of the probe sequence to 
its target is favored over intraheteropolymer specific binding, and energy, transfer from 
fluorescein to R-PE is intennpted. 
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Homogeneous muliimolecular devices comprising only mo defined sequence 
segments are ihe simplest possible heleropoKmeric tethered recognition devices. In each 
configuration described in the instant example, a first defined sequence segment plays the 
dual role of tethering an effector to a second defined sequence segment and specificalh 
5 recognizing a selected target molecule or nucleic acid sequence. In altematixe configurations, 
different defined sequence segments may be preterred or required for the different functions 
of a tethered recognition device, e.g., 1) pseudoirreN ersible attachment of an effector, 2) 
tethering (i.e., positioning) the effector with respect to an effector-binding (e.g., aptameric) 
sequence, 3) intradevice specific binding to a conjugated effector, 4) specific recognition of 
10a selected target molecule or nucleic acid sequence. 

Example 6: Heteropolymcric muliimolecular device with two defined 
sequence segments connected by nonnucleotide linker 

For most applications, preferred methods for producing synthetic heteropolymers 

15 include automated synthesis and biological methods, e.g.,, using recombinant DNA 
procedures. Ho\ve\ er, in some cases it is ad\ antageous to simulate the function or e\ aiuaie 
the potential utility of a synthetic heteropolviner using t^vo or more defined sequence 
segments \\ hich are either readily available or can be conveniently modified for a panicular 
molecular assembly uask. In such instances, it may be preferable to prepare a synthetic 

20 heteropolymer by less than ideal methods, e.g., by conjugating two defined sequence 
segments using covalent or pseudoirreversible means. Also, synthetic heteropolymers 
comprising defined sequence segments joined by nonnucleotidic linkages and/or linkers 
(e.g., nonnucleotide spacer groups, molecules, or polymers) have utility in screening and 
anahiical applications, e.g., to identify compounds or fractions having a desired catalytic 

25 activity and/or selectivity. For example, a population, generation or librar\* of enzymes 
created by site-directed mutagenesis or directed in vitro evolution (e.g., random mutagenesis 
plus recombination) can be screened for activit\- in clea\ ing a bond connecting two defined 
sequence segments to which functionally coupled effectors are attached. 

A bifunctional synthetic heteropolymer capable of assembling R-PE and R-PC 

30 (Sigma Chemical Company, St, Louis, MO) into a functionally coupled muliimolecular 
device is prepired by specific binding of two conjugated defined sequence segments as 
follows. A first defined sequence segment specific for R-PE (cf. Example 2, vide supra) and 
further comprising a the 5-terminal primar>* amine-generating reagent [N- 
trinuoroacetamido-(3-oxa)-pentyl-N,N-diisopropyl-methyl]phosphoramidite (Boehringer 
35 Mannheim Corporation, Indianapolis, IN) is synthesized using an automated DNA 
synthesizer (Applied Biosystems, Inc., Foster City, CA) and conjugated to sireptavidin 
using the heterobifunctional crosslinker MBS (Pierce Chemical Company, Rocklord IL) 
according to the manufacturer's instructions. A second 3'-biotinylated, R*PC-conju gated 
six-nucleoiide defined sequence segment (5'-R-PC-ATTTGC-3'-bioun) is prepared as per 
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Example 3 with biolin phosphoramidite (Glen Research, Sterling VA) at the 3' terminus. 
Equimolar amounts of the two conjugated defined sequence segments (strepiavidin- 
conjugated R-PE-binding and R-PC-conjugaied biotinylaied sequence segments) and R-PE 
are mixed, incubated for four hours at room temperature and purified by SEPHAROSE*^ 
5 (Pharmacia LKB,Piscataway,NJ) gel exclusion chromatography. 

An endopepiidase-cleavable s\Tiihetic heteropolxTner comprising R-PE-binding and 
R-PC-binding defined sequence segments attached by the tripeptide glyc\i-gly-glycine (gly- 
gly-gly or triglycine) is prepared as follows. A defined sequence segment capable of 
specifically binding to R-PC is selected by iterative cycles of partitioning and amplification 

10 of a librars' of oligonucleotide sequences comprising a randomized 30-nucleotide region 
Hanked by PCR primer sequences. The selected defined sequence segment with 5'- 
phosphomonoester end is then synthesized on an Applied Biosystems (Foster City CA) 
automated synthesizer. The C-terminal carboxyl group of triglycine is conjugated to the 5- 
amino group of the amine-modified R-PE-binding defined sequence segment described in 

15 the preceding paragraph (vide supra) using the heterobifunctional crosslinker l-ethyl-3-(3- 
dimethylaminopropyO-carbodiimide (EDC; Pierce Chemical Company, Rockford, IL) 
according to the manufacturer's insUnctipns. Following removal of excess reagent by 
elution of the triglycine-conjugated R-PE-binding oligonucleotide over a desalting column, 
the N-terminal glycine amine is reacted with the 5'-phosphaie group of the R-PC-binding 

20 defined sequence segment using EDC in a pH 6.0 imidazole buffer to form the stable 
phosphoramidate conjugate. The R-PE-binding-uiglycine-R-PC-binding synthetic 
heteropolymer is then dialyzed against phosphate-buffered saline and purified by gel 
chromatography, Equimolar amounts of R-PE and R-PC are specifically bound to the 
synthetic heieropohmer to produce a multimolecular fluorescence energy transfer device 

25 with a Stokes shift of approximately 75 nm (Amax/Enia\=565/640 nm). This energy transfer 
transducer may be used as a clea\'able reporter to screen enz>me libraries for endopeptidase 
or amidase activity. Alternatively, a covalent transducer assembly may be prepared with R- 
PC and R-PE crosslinked to their respecti\'e defined sequence segments of the synthetic 
heteropolymer, e.g., by ultra\ iolet irradiation (1.8 J, GS Gene Linker® UV Chamber; Bio- 

30 Rad Laboratories, Hercules CA) or by chemical crosslinking to thiol-modified nucleotides 
using a bifunctional crosslinking reagent (e.g., the pyridyl disulfide reagent SPDP; Pierce 
Chemical Company, Rockford IL). 

Example 7: Nucieotide-based multimolecular devices using two specific 
35 binding pairs for enzyme attachment 

Nucleotide-based molecular scaffdds can be used to build multimolecular 
switches, transducers and drug delivery' systems by positioning selected molecules in 
suitable proximity to allow functional coupling between the molecules. In a preferred mode 
of operation, each of two specific binding pairs is positioned along a defined sequence 
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segment by sile-di reeled attachment or positionally defined incorporation of a Hgand or 
receptor (or sequence-directed hybridization of an oligonucleotide-conjugated ligand or 
receptor). Specific binding partners of the conjugated ligand(s) and/or recepior(s), t>'pically 
effector molecules and more i\pically signal- generating molecules and/or drugs, are then 
5 attached (either simultaneously or sequentially) to assemble and operate the nucleotide-based 
multimolecular device. The instant example illusu^tes the preparation of multimolecular 
transducers and switches relying on nucleolide-dependenl positioning of effector molecules. 
Positioning is achieved by specifically binding a first effector-receptor conjugate to a first 
ligand-modified nucleotide of a defined sequence segment and a second effector-receptor 

10 conjugate to a second ligand-modified nucleotide of the defined sequence segment, wherein 
the number of nucleotides between first and second ligands is selected to maximize the 
degree of cooperativity or competition between effector-receptor conjugates. In the first 
example, a multimolecular transducer producing enzyme-driNen luminescence is prepared by 
nucleotide-dependent positioning and functional coupling of the enzymes horseradish 

15 peroxidase (HRP) and alkaline phosphatase (AP). In a second example, an immobilized 
multimolecular switch produces two different Huorescent responses to laser excitation 
depending on whether a stimulus molecule (e.g., an effector-receptor conjugate or a selected 
uu-get molecule) is present. 

For preparation of an enzyme-based chemiluminesceni multimolecular transducer, 

20 the enzymes HRP and AP are used to uansduce chemical energ\- into photons through the 
following coupled reactions. HRP catalyzes the cleavage of the 1,2-dioxetane substrate 4.[3- 
(4-hydfOxy-2-methylnaphthalene-l-phosphorvi)phenyl]-4-methoxyspiro(l,2-dioxetane-3,2- 
adamantane (HMPPD) to liberate the product 2-methylnaphthylquinone and 3-(2*- 
spiroadamantanane)-4-methoxy-4-(3"phosphorvioxy )phenyl- 1 .2-dioxetane ( AMPPD; Urdea 

25 et al., EPO 401 001). AP caudyzes the chemiluminescent decomposition of AMPPD, 
generating photons. 

A defined sequence segment comprising a 20 base pair synthetic DNA duplex is 
prepared by hybridizing a 5'-biotinylated 20mer deoxyoligonucleotide (A-suxind) to a 5'- 
digoxigenin-labeled complementarv' 20mer deoxyoligonucleotide (A'-strand). The A-strand 

30 is biotinylated using 5'-biotin phosphoramidite (Glen Research, Steriing VA). Digoxigenin 
labeling of the A'-strand is performed using the GENIUS'™ oligonucleotide 5'-end labeling 
set (a digoxigenin-NHS-ester and 5'-AMINOLINKER; Boehringer Mannheim Corporation, 
Indianapolis IN) according to the manufacturer's instructions. AP conjugated to sheep anti- 
digoxigenin (Boehringer Mannheim Corporation, Indianapolis IN) and HRP conjugated to 

35 streptavidin (Pierce Chemical Company, Rockford IL) are specifically bound to their 
respective s\Tilhetic DNA-conjugated ligands (i.e., digoxigenin and biotin) by combining 
equimolar amounts of the effector-receptor conjugates with the ligand-modified defined 
sequence segment to produce a coupled effector nucleotide-based transducer;^ -An uncoupled 
reagent conu-ol mixture is prepared by combining equimolar amounts of the two conjugated 
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effectors with an unlabeled 20 base pair DNA duplex. Luminescence is determined in a 
Tropix luminomeier with dioxetane indicator reagents, detection buffer and insuiimeni 
settings (e.g., photon integration lime) as recommended by the manufacturer (Tropix, Inc., 
Bedford MA). The uncoupled reagent control mixture (i.e., negative control) is titrated by 
5 doubling dilutions in indicator reagent-containing detection buffer to determine the threshold 
effector/duplex concenu^tion below which the photon count rate is within two standard 
deviations of the mean count rate obtained with detection buffer alone (i.e., reagentless 
buffer control). The count rate of the nucleotide-based transducer preparation (i.e., anti- 
digoxigenin-AP, streptavidin-HRP plus digoxigenin-modified and bioiin-modified defined 
10 sequence segment) is then determined in quadruplicate over a three-log dilution series 
spanmng the detection threshold of the negati\e control. Subtracting count rates of buffer 
control replicates from transducer dilutions, significant transducer luminescence is apparent 
over the entire range tested. At all points along the dilution cur^e, count rates of transducer 
dilutions significantly exceed negative controls, demonsu^ting nucleotide-dependent 
15 functional coupling of donor (HRP) and acceptor (AP) effector molecules. 

An aptameric multimolecular transducer yielding enzyme-dri^ en luminescence by 
nucleotide-dependent functional coupling between HRP and AP is produced as follows. 
E>ouble-stranded DNA aptamer sequences with relati\'ely high affinity for HRP are identified 
by iterative rounds of in vitro selection and amplification of a DNA oligonucleotide librar> 
20 comprising a 28-nucleotide randomized region. Selected HRP-binding aptamers are further 
selected for the ability lo bind HRP in the presence of dioxeiane indicator reagents (cf. 
preceding paragraph) with minimal enzNTne inhibition (i.e., without reducing apparent Vmax 
or increasing apparent Km). A digoxigenin end-labeled 35-base pair DNA oligonucleotide 
comprising the selected aptamer sequence is then prepared enzymatically using terminal 
25 transferase to incorporate digo.xigenin-ll-dUTP (Boehringer Mannheim Corporation, 
Indianapolis IN). HRP and anti-digoxigenin-AP are specifically bound to the digoxigenin- 
modified aptamer by mixing equimolar amounts of the aptamenc digoxigenin- 
oligonucleotide, HRP and anti-digoxigenin-AP in assembly buffer to form an aptamenc 
multimolecular transducer. Activity of the aptameric transducer is determined b\ measuring 
30 photon count rates at doubling dilutions of the aptamer-effector assembly in detection buffer 
against negative controls (unmodified DNA oligonucleotide plus effector dilutions) and 
buffer contnDls using a Tropix luminometer and dioxetane indicator reagents. 

For preparation of an immobilized multimolecular switch using fiuorescent 
effector-receptor conjugates, APC and R-PE are used as signal-generating species capable of 
35 evanescent coupling through an optical waveguide to a photodetector. A 3*-carboxyl 24mer 
deoxyoligonudeotide prepared using a 3*-carboxylate photolabile support (Glen Research, 
Steriing VA) is covalenily immobilized through its 3'-carboxyl and 5'-phosphate groups 
using a Afunctional carbodiimide crosslinker (EDAC; Pierce Chemical Company, Rockford 
ID to amine groups of silanized l.x60mm cylindrical quartz fibers with polished ends. The 
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immobilizaiion is pert'ormed at room lempenature in ihe dark with gentle shaking using 
carboxNlaied oligonucleotide at 500 pmol/ml in a reaction mixture comprising EDAC and /?- 
nitrophenol each at 0.5 mg/ml. After two hours, oligonucleotide-ireated fibers are washed 
four times with PBS-Tween® 20, blocked for one hour in PBS containing 0.59c BSA, and 
5 washed twice more with PBS-Tween® 20 containing 0. 1'^ BSA (assembK buffer). 

A nucleotide- based multimolecular switch is prepared and hybridized lo the 
immobilized oligonucleotide as follows, A 24mer deoxyoligonucleoiide is biotmylated at the 
5'- penultimate nucleotide position using biotin-dT (at nucleotide position 23 from the 3' 
end) and 5'-digoxigenin-labeled using the GENIUS^^^ oligonucleoude 5*-end labeling set 
10 (digoxigenin-NHS-ester and 5'-AMINOLINKER; Boehringer Mannheim Corporation, 
Indianapolis IN) in accordance with manufacturer instructions. The biotinylated, 
digo.xigenin-labeled 24mer diluted in assembly buffer is hybridized to oligonucleotide- 
modified fibers. Fibers are then rinsed repeatedly in assembly buffer and iransterred to a 
sterile, scre\\ -capped 50 cc polypropylene centrifuge lube containing assembh buffer. An 
15 individual oligonucleotide-modified fiber is then removed, rinsed in buffer and dipped 
sequentially at 15 minute interv als into buffered solutions containing stepwise increasing 
concentrations of an anti-digoxin-fiuorescein conjugate (anli-digoxin-HTC; Sigma Chemical 
Compan\\ St. Louis MO) showing relatively high alTinity for digoxigenin. Dose-dependent 
binding of the anti-digoxin-FlTC conjugate to the fiber-immobilized, digoxigenin-labeled 
20 oligonucleotide is demonsuated using a previously described fiber-optic e\anescent 
Huorosensor apparatus (Rogers el al. (1989) Analytical Biochemistry 752:353-359) with 
excitation at 485 nm and detection al 510 nm (i.e., near the FITC emission peak). For 
example, using a portable fiberoptic fiuorimeter equipped with \ariable-wa\elength 
excitation and emission band-pass filters (ORD Inc., North Salem NH), fibers are mounted 
25 vertically in a fiow cell having a capacity of 46 jaI and perfused with PBS-BSA at a rate of 
184 /<l/minute. Ruorescent light collected and guided by the fiber is detected b\ phoiodiodes 
arranged so as to distinguish surface- bound fiuorescence from background light. E\ anescent 
detection methods exploiting total internal refieciion properties of optical \\a\eguides are 
well known in the art (e.g., Badley, et al. (1987) PhiL Trans, R. Soc. Lond,, 8316:143- 
30 160). The nucleotide-based multimolecular switch in this instance is attached and 
functionally coupled to a transducer, i.e., the optical fiber operaiively coupled through its 
evanescent field to photodiode(s) capable of generating an electronic signal (voltage). 
Between FITC conjugate dilutions, the How cell is washed with assembly buffer containing 
1% SDS for two minutes followed by assembly buffer alone for 10 minutes. Initial binding 
35 rates are detenmined graphically fit)m strip chart recordings of the fiuorescence response 
(millivolts vs. time). Having established a maximal fiuorescent signal of approximately 8.5 
V/fiber at 10 micromolar FITC conjugate, the fiuorescence signal with binding of 10 
micTomolar FITC conjugate is then re-determined with excitation through a 550/30 nm band 
pass filler and detection at 575 nm (i.e., the emission peak of R-PE). The RTC conjugate- 
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saturated fiber is rinsed thoroughly in SDS-free assembly buffer and dipped in a buffered 
solution containing 10 micromolar streptavidin-R-PE conjugate (Pierce Chemical Company, 
Rcx:kford IL). Binding of the R-PE conjugate is demonstrated by a rapid rate response 
(millixolts ^ s. time) at 575 nm, reaching maximal \ oltage within about lu'o minutes. On re- 
5 mea«5uring the FITC response of this fiber using 485 nm excitation and 510 nm emission 
fillers (i.e., to delect bound RTC conjugate), the fluorescence signal is below 1 V/fiber, 
indicating that most of the FITC conjugate has dissociated from the fiber. Concomilant 
binding of the R-PE-streptavidin conjugate and dissociation of the anli-digoxjn-FITC 
conjugate demonstrates the sireptavidin- responsive switching property of the nucleotide- 
10 based mullimolecular device. 

Nucleotide-dependent positioning of biolin and digoxjgenin as described in the 
ab(nc paragraph demonstrates the principle of a nucleotide-based mullimolecular switch 
relying on muiualh* exclusive binding ol anti-digoxin-nTC and sireptavidin-R-PE. This 
muiualK exclusive specific binding principle can be reconfigured lor a variety of 
15 applications, including, without limitation, high-throughput screening ot chemical and 
biological libraries (e.g., for drug discoverv' or directed ev olution of enzymes for indusuial 
use); chnical, forensic, veterinary, agricultural and environmental diagnostics; or detection 
and/or monitoring of pests, pesticides, fcxxlbome or bkxxlbome pathogens, hazardous 
wastes or chemical and/or bioIogicaJ weaponry. For example, a nucieotide-based 
20 mullimolecular switch for drug discoven- (e.g., to identify potent receptor antagonists) can 
be configured much like the biotin- and digoxigenin-modified nuclcotide-based switch 
described in the preceding paragraph. An agonist- and digoxigenin-mcxlified nucleotide with 
neighboring agonist and digoxigenin moieties is first prepared as abcnc. Anti-agonist 
antibcxlv (or purified receptor or receptor mimetic) is conjugated to a first effector (e.g., R- 
25 PE) and prebound to the agonist- modified nucleotide. A second effecu>r conjugate (e.g., 
anti-digoxin-FITC) is included in the screening buffer. In the presence of a pharmacophore 
with an affinitv for the oligonuclcoiide-bound receptor conjugate w hich is higher than the 
anti-digoxin conjugate's affinity for its ligand (i.e., the crossreactant, digoxigenin), the 
delectable signal (e.g., fluorescence emission) is switched from emission b> first effector 
30 (e.g., anti-agonisi-R-PE) to emission by second effector (e.g., anii-digoxin-FITC) 
concomitant with anii-agonist conjugate dissociation and anli-digoxin conjugate binding. 
Apiameric mullimolecular switches for drug discoverv' can be prepared in a similar manner, 
wherein an oligonuclec^lidc is prepared with one or more ligand-modified nucleotides (e.g., 
agonist-modified or antagonist-modified nucleotides) within or attached to a reponer- binding 
35 aptamer sequence (i.e., an aptamer sequence selected to specifically bind a signal-generating 
species such as a reporter enzyme (e.g„ HRP) or fiuorophore (e.g., R-PE). In this case, the 
switch is prepared with a first effector conjugate (e.g., labeled anii-ligand antibody or anii- 
ligand receptor) prebound to a ligand-modified nucleotide of the apiamenc oligonucleoiide, 
which may in turn be immobilized to a u^sduccr (e.g., hybridized to an optical 
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waveguide). The ligand-modified nucleotide is posiiioned within the apiameric 
oligonucleotide in such manner that the prebound, labeled anti-ligand conjugate sierically 
precludes specific binding between the apiamer and its target, which signal-generating 
species is included in the pharmacophore screening buffer. In the presence of a high-affinity 
5 pharmacophore, dissociation of prebound anti-ligand conjugate enables the second effector 
(apiamer target) to specifically bind the apiamer sequence, switching the transducer output 
from a first effector signal to a second effector signal. 

Example 8: Synthetic heteropolymers with hybridizablc second defined 
10 sequence segments for conjugation and immobilization 

Nucleotide-directed molecular assembly provides a unifxing approach for 
combining hybridization, specific binding and effector functions within a single discrete 
structure, e.g.. a sxnthetic heteropolymer, multivalent heterc)poi\*meric h\brid structure or 
multimolecular complex. A synthetic hetcropoiymcr, for example, can be used to combine 
15 the specific binding properties of an apiameric first defined sequence segment with the 
hybridization properties of a second defined sequence segment. A selected 
nonoligonuclcoude molecule (e.g., an effector) specifically bound to the first defined 
sequence segment (and optionalh* covalently crosslinked in place) can thus be endowed with 
the h\ bridi/aiion properties of a nucleic acid (i.e., the second defined sequence segment) in 
20 a reproducible and posiiionally contnDlled manner. Alternatively, a hybridizablc sequence 
can be endowed w ith specific binding and/or effector capabilities b\ incorporation within a 
synthetic heteropolymer comprising an aptameric defined sequence segment capable ol 
specifically binding an effector (i.e., an aptamer target) which is optionally crosslinked in 
place. Similariy. a defined sequence segment capable of molecular recognition (i.e., 
25 hybridization or specific binding) can be adorned with effector functions b\ incorporation of 
said defined sequence segment within a heteropolymcric discrete structure comprising a 
specifically bi^und or hybridized selected molecule (e.g., a drug or signal-generatmg 
species) or selected nucleic acid sequence (e.g., a ribozyme or catalytic DNA molecule). 

In a preferred aspect of the instant invention, the ability of a synthetic 
30 heteropolymer to hybridize to a selected nucleic acid sequence is used as a means of 
attaching the synthetic heteropoKmer to a selected nonoligonucleotide molecule (e.g., an 
effector molecule) by hybridizing the synthetic heteropolymer to an effector-oligonucleotide 
conjugate. In another and related preferred aspect of the imention. the ability of a synthetic 
heteropolymer to hybridize to a selected nucleic acid sequence is used as a means of 
35 attaching the synthetic heteropolymer to a solid support, e.g., by hybridizing the synthetic 
heteropoK-mer to an immobilized oligonucleotide. Preparation of a synthetic heteropolymer 
having a first defined sequence segment selected for the ability to specifically recognize a 
selected target molecule (i.e., the cancer maricer PSA) and a second defined sequence 
segment selected for the ability to hybridize the synthetic heteropolymer to an 
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oligonucleoUde-conjugaied effector molecule (i.e., the signal-generating species. HRP) or to 
an immobilized oligonucleotide is described below. 

A s>-ntheiic heteropolymer is prepared and hybridized to a nonoligonucleotide 
molecule-oligonucleotide conjugate in the following manner. A 24mer oligonucieoiide is 
5 synthesized on an Applied Biosystems. Inc. (ABl; Foster City CA) nucleic acid sxnthesizer 
using 5'-THIOL-MODinER-C6 (Glen Research, Sterling V.A) to introduce a 5'-thioi 
terminus. The enzyme HRP (Sigma Chemical Company. St. Louis MO) is conjugated to the 
5'-lhiol group of the oligonucleotide usmg the water soluble NHS-ester-maleimide 
crosslinker. SULFO-SMCC (Pierce Chemical Compan\ . Rockford IL). The 
10 oligonucleotide-HRP conjugate is purified by gel filtration using a BIO-RAD P-100 column 
( 1.5 \ 65 cm: Bio-Rad Laboratories, Hercules CA). A Afunctional synthetic heteropolymer 
having a 30-nucleotide first defined sequence segment capable ol specificalh binding PSA 
and a scccmd 20-nucleotide defined sequence segment capable of hybridizing to the HRP- 
conjugated oligonucleotide is prepared using the ABl synthesizer. The purified HRP- 
15 oligonucleotide conjiigate is then hybridized to the seccMid defined .sequence segment of the 
PSA-binding svnthetic heteropolymer, and the HRP-labeled hybrid is purified by gel 
filtration using a P-100 column. Altemalively, the PSA-bmding synthetic heieropolymer is 
added to a PSA assay reagent mixture, and the HRP-oligonucleotide conjugate is added 
either during or after the synthetic heteropolymer-PSA incubation step. Specific binding of 
20 the PSA-binding synthetic heteropolymer is determined by measuring HRP acti\ it\- of either 
the bound or free fraction using colorimetric, lluorimelric, or luminescent detection reagents 
(e.g., a chromogen, substrate, and/or enhancer system). 

In a preferred aspect of synthetic heteropolymer-directed conjugation, a first 
effector molecule specifically bound to a first defined sequence segment is functionalh 
25 coupled to a second effector molecule-oligonucleotide conjugate which is h\ bridized to a 
second defined sequence segment of the svnthetic heteropolx mer. For example, using AP 
and HRP as donor and acceptor enzymes of a coupled enzyme-dri\ cn chemilummescent pair 
(cf. Example 7, vide supra), the following muttimolecular heteropolymenc complex is 
prepared using a s\-ntheiic heteropcMymer that specifically binds a first elfecior (HRP) and 
30 hybridizes an oligonucleotide-second effector (AP) conjugate. A first 30-nucleoiide defined 
sequence segment amino-modified using AMINO-MODIFIER C2 dT (Glen Research, 
Steriing VA) at nucleotide posiuons 2, 6, 10, 20, 24 and 28 (Irom the 3' end) and 5'-amino 
mtxlified using A.MINOLINKER (Boehringer Mannheim Corporation. Indianapolis IN) is 
selected (or the abilit> to specifically bind HRP without inhibiting the enzv-me (cf. Example 
35 9, vide infra). A second 24-nucleotide defined sequence segment is selected for the ability to 
hybridize a 5-biotinylated 28mer oligonucleotide specifically bound \ ia its 5'-biotin to a 
streptavidin-AP conjugate (Boehringer Mannheim Corporation, Indianapcrfis IN). A 
synthetic heteropoK-mer comprising the first and second defined sequence segments 
separated by nucleotide spacers is prepared using an ABl (Foster City CA) synthesizer. 
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HRP is specifically bound in excess and ihe AP-sirepia\idin/bioun-oligonucleoude 
conjugaie is ihen hybridized during sequential iwohour incubations at room lemperature in 
PBS-BSA buffer. Functional coupling of the synthetic heteropolymer-conjugaied effector 
molecules (i.e., HRP and AP) is demonstrated by luminescent assay using dioxeiane 
5 indicator reagents (Tropix, Inc., Bedford MA) as descnbed in Example 7 {vide supra). For 
stable, long-term storage, the coupled enzymes may be covalently attached to the synthetic 
heteropoiymer (e.g., using the heterobifunctional crosslinker EDC; Pierce Chemical 
Company, Rocklord IL) or to one another (e.g., using the homobifunctional crosslinker 
glutaraldehyde (Sigma Chemical Company, St. Louis MO) followed by gel filtration and 

10 storage in PBS-BSA buffer. 

In an alternative method of preparing functionally coupled HRP and AP effector 
molecules, a sy nthetic heteropoKmer is prepared comprising a first defined sequence 
segment capable of specifically binding HRP, as in the preceding paragraph, and a second 
defined sequence segment of such length, preferabh about iw o to 20 nucleotides and more 

15 preferably about fi\e to 10 nucleotides, to enable conjugation of AP or, preferably, a 
streptavidin-AP conjugate, within functional coupling disumce of specifically bound HRP. 
The synthetic heteropoiymer is synthesized with either a 5'-amino group using 
AMINOLINKER (Boehringer Mannheim Corporation, Indianapolis IN) for covalent AP 
conjugation or a 5^-bioiin phosphonimidite (Glen Research, Steriing VA) for specific 

20 binding of a streptavidin-AP conjugate (Boehringer Mannheim Corporation. Indianapolis 
IN). 

Altematixely, a synthetic heteropoKmer capable of specifically binding both HRP 
and AP may be prepared without amino-modified nucleotides, A mullimolecular complex is 
then formed by incubating the s\*nthetic heteropoiymer with equimolar concentrations ol AP 

25 and HRP in assembly buffer (PBS-BSA). The specifically bound enzymes may then be 
covalently attached to one another by rapid conjugation, e.g., using a bifunctional 
crosslinking reagent such as glutaraldehyde or, more preferably, a photoactixaiable 
crosslinker with pulsed irradiation. In this manner, homogeneous preparations of coupled 
enzyme conjugates can be prepared using the sxnthetic heteropoiymer as a bifunctional 

30 template to position precursor molecules for selective conjugation, i.e., selectively favoring 
formation of one-to-one heieroconjugates. Templaied conjugation pro\ ides a general method 
for reproducible, high->ield production of well-defined conjugates with a specific activit\* of 
one (i.e., each conjugate comprises a single donor molecule co\ alently attached to a single 
acceptor molecule). 

35 Template-directed conjugation, i.e., using synthetic heteropolymers to assemble 

selected precursor molecules for proximitv-directed cpvaJent conjugation ol selected 
molecular pairs (rather than relying on random molecular collisions in bulk solution), does 
not require use of an activating or crosslinking reagent. Templated conjugation can be used, 
for example, to accelerate the rate of product fonnation from spontaneously reactive species 
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or transition stales with relatively high energies of aciixaiion. By minimizing preferred 
iniermolecular diffusion distances and maximizing the probabilit>- of an energetically 
favorable collision between two selected molecules, a heteropolvTneric template can catalv-ze 
intermolccular reactions by effectively reducing the energv of aciiv ation for bond formation. 
5 A heteropolymeric template can therefore function much like a multisite enzvine in 
juxtaposing substrates and/or reactive intermediates and/or cofactors, coenzymes or 
prosthetic groups in facilitating covaleni modification ot reactanis. optionally aided bv input 
of exogenous energy, e.g., heat or photoactivation or sonic energy. For example, enzvine- 
like oxidase or dehydrogenase activ ity can be simulated by a synthetic heteropolymer having 
10 a first defined sequence segment capable of specifically binding a flavin or nicotinamide 
coenzvme (e.g., FMN, FAD, NAD. or corresponding reduced coenzv-mes) and a second 
defined sequence segment capable of specifically binding a substrate (e.g., a sugar, amino 
acid, redox indicator or d>^ molecule). Similarly, a heteropolvmeric template can be used to 
deliv er a preferred substrate and cofactor comlnnation in suitable relativ e proximity to favor 
15 activation of a particular enzyme with selected specificity within a complex mixture 
comprising multiple related enz\Tne specificities, e.g., for selective assay of a specific a 
dehydrogenase, esterase, lipase, transferase, glycosidase, phosphatase or protease activity 
within a biological sample. 

A relatively rigid heteropolymeric scalTold for assembls of functionally coupled 
20 enzvmes is produced by selecting a first double-suanded HRP-binding defined sequence 
segment and a second 28-nucleotide defined sequence segment which is fully 
complementary to tiie 28mer oligonucleotide moietj- of an AP-oligonucleotide conjugate. On 
specifically binding HRP to the douWe-stianded first defined sequence segment and 
hybridizing the AP-oligonucleotide conjugate to Uie second defined sequence segment, the 
25 resulting muliimdecular complex comprises a fuUy double-sniuided scaffold. An e\ en mc^e 
rigid and globular tertian- structure can be achieved, if desired, e.g., by including sell- 
complementary, single-stfanded defined sequence segments at either end of the synthetic 
heteropolymer, causing the nucleotide scalTold to fold and self-hybndize. 

For hybridization of a synthetic heteropolv mer to a solid support, an 
30 oligonucleotide or plurality of oligonucleotides (e.g., an ordered set or random pool, a 
library, a cDNA array) is first immobilized to the solid support b>' covalent attachment, 
sueptavidin/biotin chemistr>- or passive adsorption, optionally followed by irradiation or 
chemical crosslinking. Oligonucleotides may be attached to wells of microtiter plates, for 
example, by passive adsorption, using coating methods well known in tiie art. To maximize 
35 hybridization efficiencv- and solid phase capacitv-, it is preferable to immobilize 
oligonucleotides inanonrandom fashion and more preferable to link a particular nucleotide 
or functional group to the solid support, e.g., by specific binding of a 5'-biotinylated 
oligonucleotide to a streptavidin-coated plate as follows. A svnUietic 28mer 5'-amino- 
oligonucleoude with 5'-amino group introduced using AMINOLINKER (Boehnnger 
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Mannheim Corporation, Indianapolis IN) is produced using an Applied Biosysiems (Foster 
City CA) nucleic acid synthesizer. The oligonucleotide is bioiinylated at the 5' end using the 
long chain NHS ester of bioun. NHS-LC-biotin (Pierce Chemical Company, Rockford IL). 
The 5'-biounvlated oligonucleotide is dialyzed extensively against PBS followed by gel 
5 nitration using a SEPHADEX G-25 column (crosslinked dextran; Pharmacia LKB. 
Piscatawav. NJ). Purified biotinylated oligonucleoude is specifically bound ai 50 ng/well to 
black RuoroNunc™ 96-well plates (Nunc. Inc. Napen-ille. IL) passively coated at 500 
ng/v.ell wuh streptavidin (Pierce Chemical Company. Rockford IL). Oligonudeotide-treated 
plates are then washed extensively using a PBS-Tween® 20-BSA buffer. 
10 For membrane immobilization, unmodified oligonucleotide is diluted serially m 

PBS buffer and spotted on a nitrocellulose transfer membrane (Schleicher & Schuell. Keene 
NH^ usine a dot blotting apparatus (Hoefer Scienufic Instilments, San Francisco CA). 
Covaleni attachment to the solid phase is then achieved by UV irradiation or ^•acuum drying 
at 85_«C. The membrane is then blocked with a PBS-based blocking buffer containing 0.5- 
15 1.0%" BSA and/or nonfat dry milk and washed by repeated immersion in fresh PBS 

containing 0. 1% BSA. 

Immobilization to quartz optical fibers, polymer-coated indium phosphide 
photodiodes. latex microspheres and polystyrene beads is achie^ ed by n ariaiions of antibody 
coating methods (cf. Example 9, vide infra), optionally including protein coimmobilization 
20 (e.g., using BSA) and covalent fixation (e.g., using glutaraldehyde). Alternatively, end- 
modified (e.g., 3- or 5- amino-, thiol- or carboxyl-modified) oligonucleotides are covalently 
attached via the 5'-phosphate group or via added 3' or 5' amino, thiol or carboxyl groups 
using a suitable bifunciional reagent, e.g., a carbodiimide or NHS-ester-maleimide 
crosslinker. 

25 For hybridization to an oligonucleotide-modined solid support, a synthetic 

heteropoK-mer is designed with at least one defined sequence segment capable of specifically 
binding to a selected molecule (e.g.. the effector molecule, HRP: the ligand PSA; or the 
receptor, anti-human IgG antibody) and at least one defined sequence segment 
complementary to an immobilized oligonucleotide. To prepare a heteropolymeric solid phase 
30 for serotonergic drug discovery, for example, the synthetic heieropolymer comprises a first 
40-nucleotide defined sequence capable of specifically binding serotonin with relatively high 
affinitv. opiionallv including nuorophore-modified nucleotides as described in Example 4 
{vide supra), i.e.. for detecting compeUtion with labeled ligand binding by inhibition of 
nuorescence energy- transfer. A second defined sequence segment of the synthetic 
35 heteropolymer is selected for the ability to hybridize to the FluoroNunc™ plate-immobilized 
28mer oligonucleoude described above. The serotonin-binding synthetic heteropolymer ( 10- 
50 ng in 100 }i\ PBS-Tween®-BSA) is then hybridized via its second defined sequence 
segment to the immobilized 28mer oligonucleotide in a two- hour. . room temperature 
incubation with shaking. After hybridization, wells are decanted and washed twice with 
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PBS-Tween®-BSA. The amount of hybridized svnthetic heteropolymer per well may be 
determined by measuring acceptor fluorophore emission in a nuorescence plate reader (SLT 
Labinsiruments, Research Triangle Park, NC). Alternatively, the amount of hybridized 
synthetic heteropolymer may be determined by titration with fluorophore-labeled serotonin 
5 analog(e.g.. LI; cf. Example 4, vWesi^ra) and unlabeled serotonin. 

Hybridization of synthetic heteropolymers to solid supports provides a convenient 
method to funcuonalize surfaces with specific binding properties, e.g., for screening, 
selection, detection, monitoring, separation, isolation, purification and characterization of 
selected molecules, samples, mixtures and libraries, e.g., clinical specimens, biological 
10 samples or combinatorial libraries comprising useful or info^nau^e ligands, receptors or 
effector molecules. For extremely sensitive detection of selected nonoligonucleotide targets, 
synthetic heteropolymers may be used not only for the capture phase, but also as solution 
phase specific binding parmers. Amplification of a sequence comprising a target-bound 
synUietic heteropolviner (e.g.. PGR. LCR or isotiiermal amplification of a target-specific 
15 defined sequence segment) can then be used to detect trace amounts, even a single copy, of 
an identified nonoligonucleotide molecule. Solid phase synthetic heteropol>-mers further 
comprising defined sequence segments selected as probes for selected nucleic acid 
sequences, pi^ferably arrays of heteropolymeric probe sequences, can be used for 
screening, selection, detection, monitoring, separation, isolation, purification and 
20 characterization of selected nucleic acid sequences and samples, mixtures and libraries, e.g., 
clinical specimens, biological samples or combinatorial libraries comprising useful or 
infoimative nucleic acid sequences. In a particularly preferred embodiment, detection is 
accomplished by means of one or more effector molecules (e.g.. fiuorophoreCs), enzyme(s). 
luminescent and/or eleciroactive species) specifically bound to heteropolymeric defined 
25 sequence segments. 

Example 9: Blspecific nucleic acid antibodies for drug delivery, specific 
binding and DNA probe assays 

Diagnostic and therapeutic applications of bispfecific antibodies, fusion proteins 
30 (e.g., immunoadhesins) and immunoconjugates (e.g.. immunotoxins) are being developed 
to capitalize on the potential advantages of peptide-based reagents and drugs with dual 
specificities and/or effector functions. Bispecific antibodies are immunoglobulins or 
immunoglobulin fragments designed, selected, rearranged or engineered to provide two 
different binding specificities within a single antibody molecule. Bispecific antibodies may 
35 exhibit greater target cell specificity than two monospecific antibodies. For some therapeutic 
applications, the Fc effector function of the bispecific antibody is required for clinical 
efficacy. e.g.. to trigger an immune response by killer cells bound via die bispecific 
antibody to a therapeutic target such as a tumor. Specific receptors for immunoglobulins are 
present on the surfaces of diverse cell types, including phagocytes, eosinophils, natural 
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killer cells and macrophages. Binding of immunoglobulins to these specialized receptors is 
an integral pan of the immune system response, directing such activities as phagoc\aosis, 
clearance of immune complexes and antibody-dependent, cell-mediated cytoioxicit\'. 
Immunoadhesins, also referred to a antigen fusion proteins, are fusion proteins combining 
5 the hinge and Fc pcMlions of an antibody with the binding domains of a receptor. 
Immunoadhesins exploit both the natural affinity of a receptor for its ligand and the effector 
functions of the immunoglobulin Fc region. Other fusion proteins, e.g., single-chain 
antibody fusion proteins. For other applications (e.g., specific binding assays) only the dual 
specificities achieved by combining two different antibody combining sites is functionally 
10 important Fab Iragment-effector fusion proteins and therapeutic immunotoxins, for 
example, combine tw o different binding specificities or a selected binding specificitv* with a 
selected effector fimciion (e.g., cviotoxicity) which is different from the parental antibody 
Fc function. 

The clinical potential of the bispecific antibody approach has yet to be convincingly 
15 demonstrated. One reason for early failures has been the inabilit\- of bispecific antibodies, 
e.g., of murine monoclonal origin, to interact with human Fc receptors, which act as trigger 
molecules on killer macrophages. Also, bispecific antibody technology has suffered from 
lack of efficient preparation methods. Coexpression of two antibodies tends to result in low- 
yields of the desired bispecific product, likely due to unwanted heavy and light chain 
20 pairings. 

Nucleotide-directed molecular assembly provides an efficient alternative to the 
design of bispecific drugs, imaging agents, reagents and devices (referred to herein as 
"bispecific nucleic acid antibodies") with greater HexibilitN* and positional control in 
combining different specific recognition properties and/or effector functions than possible 

25 with bispecific antibodies. Synthetic heteropolymers useful as diagnostic imaging and 
therapeutic agents, for example, can be designed with a first defined sequence segment 
selected to specifically bind a therapeutic target (e.g., a tumor marker, cell surface antigen, 
enzxTne, receptor, viral coat protein or bacterial cell wall) and a second defined sequence 
segment selected to bind an endogenous effector (e.g., a complement receptor, killer 

30 macrophage or c>ioto.\ic lymphocyte) or a drug or imaging agent (e.g., a radioconjugate, 
cytoto.xin, or cytokine). In vitro diagnostic assays can also be improved using bispecific 
nucleic acid antibodies, e.g., synthetic heteropolymers comprising a first defined sequence 
segment specific for a clinical analyte and a second defined sequence segment specific for a 
signal -generating species. 

35 A bispecific nucleic acid antibody designed to improve the sensitivit>' and reaction 

kinetics of a PSA tumor marker assay compared to a conventional enzyme-lmked 
immunosorbent assay (EUSA) is prepared in the following manner. A first defined 
sequence segment is selected for the ability to specifically bind PSA (cf, Rxample 1, vide 
supra), A second 30-nucleotide defined sequence segment comprising an amino modifier 
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(AMINOMODIHER C2 dT; Glen Research, Sterling VA) ai nucleotide positions (from the 
3' end) 2, 6, 10, 20, 24 and 28 and a 5'-amino modifier at position 30 is selected for the 
abilitv- to specifically bind HRP without inhibiting the enz\-me (i.e., without significantly 
reducing Vmax or increasing Km). A synthetic heteropc mer (i.e., the bispecific nucleic 
5 acid antibody) is synthesized on an automated ABI (Foster . ity CA) nucleic acid synthesizer 
comprising the first and second synthetic heteropolymers separated by a 10-nucleotide 
spacer sequence with AMINO-MODIFIER C2 dT at nucleotide positions 8 and 10. 

To prepare a labeled PSA-binding assay reagent, HRP may be specifically bound 
at this point to the second defined sequence segment of the (PSA- and HRP-) bispeafic 
10 nucleic acid antibody and crosslinked in place using the heterol»functional crosslinker EDC 
(Pierce Chemical Company, Rockford IL). The resulting HRP-bispecific nucleic acid 
antibody conjugate is purified by gel filtration using a P-100 column (Bio-Rad Laboratories, 
Hercules CA). 

Alternatively, the bispecific reagent can be used in a single-step, simultaneous PSA 
15 specific binding assay using a purified anti-PSA monoclonal anti-human PSA capmre 
antibody (Accurate Chemical & Scientific Corporation, Westbur> NY) passively adsorbed to 
wells of IMMULON™-4 (Dynatech Laboratories, Chantilly VA) 96-well microtiler plates. 
Briefly, the anti-PSA antibody is diluted to 10 ug/ml in 50 mM carbonate buffer (pH 9.6) 
and coated at 100 /<1 per well for four hours at room temperature. Plates are decanted, 
20 washed once by filling wells with assay buffer (PBS (pH 7.4) containing BSA at 1 mg/ml 
and TWEEN® 20 (Sigma Chemical Company, St. Louis MO)), blocked for 1 hour with 
200 1^1 of assay buffer containing 5 mg/ml BSA, and washed five additional times with 
assay buffer. Bispecific nucleic acid antibody and HRP are then added in a total volume of 
50 Hi and Uie assay is initiated with addiUOT of 50 n\ samfries containing varying 
25 concentrations of PSA (0.01 - 100 ng/ml). The assay mixture is incubated for 1 hour at 
room temperature with shaking. Wells arc decanted and washed twice with PBS. Bound 
HRP is detected kinetically after a five minute substrate and enhancer incubation using a 
miciotiter plate fiuorimeter (SLT Labinsuuments. Research Triangle Parte, NO and black 
RuoroNunc™ plates (Nunc, Inc. Naperville, IL). 
30 A similar bispecific nucleic antibody approach is applied to DNA detection in the 

follow mg manner. A first 5'-aminated 24mer oligonucleotide comprising a four-nucleotide 
3'-end spacer sequence and a 20-nucleotide 5'-end DNA probe to a 46-nucleotide target 
sequence of a bacterial (£. coli) DNA is immobilized at 50 pmol per well to IMMULON'*" 
polystyrene 96-well microtiter plates (Dynatech, Chantilly VA) using EDAC (Pierce 
35 Chemical Company, Rockford IL) followed by washing and blocking as per the anti-PSA 
immobilization piotocol. A synthetic heteropolymcr is synthesized comprising the following 
sequence segments separated by a lOmer spacer sequence: 1) as first defined sequence 
segment and spacer sequence, the 30-nucleotide HRP-binding. aminated defined sequence 
segment and the lO-nucleotide aminated spacer sequence described above, and 2) as second 
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defined sequence segment, a second 24-nucleoude DNA probe to the 46-nucleoiide E. coli 
target sequence nonredundant (i.e.. nonoverlapping) with the first DNA probe sequence. 
This DNA probe-spacer-HRP-binding synthetic heteropolymer is mixed with HRP and 
-samples containing varying amounts of denanired E. coli DNA. The £. coli DNA assay is 
5 then performed using incubation, wash and detection steps as per the bispecific nucleic acid 
antibody-PSA assay protocol {vide supra). Alternatively HRP may be specifically bound 
and, optionally, covalentiy crosslinked to the first defined sequence segment of the synthetic 
heteropolymer (e.g., using EDO prior to assay, enabling use of a single conjugated 
detection reagent in place of two separate reagents. Although addition of a single, conjiigated 
10 HRP-syntheuc heteropolymer reagent may be more convenient, simultaneous incubation of 
self-assembling s\Tithetic heteropolymer and signal-generating components may provide 
more rapid reaction kinetics and superior sensitivity. 

In vivo applications such as diagnostic imaging, therapeutics and drug deli\ ery are 
also possible using bispecific antibodies, fusion proteins and related antibody conjugates. 
15 e.g., as anticancer drugs, antimicrobial and antiviral compounds, fibrinolytic agents and 
immune modulators. Antibodies and antibody fragments ha\e been chemically conjugated to 
a number of therapeutic effectors, including plant-derived, animal-deri%ed and bacterial 
toxins (e.g.. lectins, selectins. venom toxins, enterotoxins), enzymes, radionuclides and 
cytotoxic drugs. Through chemical conjugation, otherwise ineffective antibodies, fragments 
20 or MRUs may be equipped with potent effector mechanisms. Fragments conjugated to 
radioisotopes may be used for in vivo imaging or cancer therapy. However, chemical 
conjugation methods have drawbacks. They may be inefficient or gi\e rise to unstable or 
inactive products, or they may alter binding specificities or effector functions of consiiment 
molecules. Repealed cycles of antibody purification, modification, and repurification are 
25 time-consuming and expensive. Also, regardless of the degree of purification and 
repurification. immunoconjugates are not precisely defined chemical entities, but are 
to pically heterogeneous at the molecular level. 

An alternative to chemical coupling is creation of novel recombinant proteins with 
antibody specificities (i.e., fusion proteins) by genetically linking antibody genes to 
30 sequence coding for nonimmunoglobulin molecules, e.g., enzymes, cytokines or toxins. In 
Fc fusion proteins (i.e., immunoligands). the genes encoding a ligand (i.e., a peptide or 
protein) are genetically linked to sequences encoding an Fc region. (Fc-mediated effector 
functions may be avoided, e.g., by site-directed mutagenesis or by linking the ligand gene to 
a sequence coding fcM" the constant region of an immunoglobulin isotype, such as IgG2). 
35 Antigen-binding fusion proteins (i.e., immunoadhesins) represent the converse of Fc fusion 
proteins, comprising recombinant proteins formed by genetically linking the antigen-binding 
portion of an antibody to a receptor-binding ligand. 

Bispecific antibodies, also known as bifunctional antibodies, represent another 
alternative for combining two functions wiUiin a single therapeutic structure. Bispecific 
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anybodies are capable of recognizing and complexing with epitopes of two different 
anUgens, e.g., a tumor cell surface antigen and an immune cell receptor as a means of 
targeting effector cells against the tumor. To circumvent drawbacks of chemical conjugauon, 
most efforts to produce bispecific antibodies rely upon hybrid hybridoma approaches. Once 
5 the hybrid hybridoma cell line has been developed, the secreted bispecific antibody is 
purifial from other possible combinations of heavy and light chains, e.g., by isoelectnc 
focusing, ion-exchange chromatography or double-affinity chromatograph> . Bispecific 
antibodies can be developed with a first specificitv- against a therapeutic target (e.g.. a cancer 
antigen, viral coal protein, fibrinogen, platelet or endothelial receptor) and a second 
10 specificitv against an endogenous or exogenous effector (e.g., an immune cell, cuotoxic, 
amineopl'asuc or antiinfective drug, radionuclide, chelating or photodynamic or hyperthermic 
agent). However, hybrid hybridoma methods are time-consuming, labor-intensive and 
prone to low yields of the desired combination of heavy and light chains (e.g., < 10%). 

For imaging and therapeutic applications, bispecific nucleic acid antibodies 
15 represem an attractive alternative to bispecific immunoglobulin antibodies. Bispecific nucleic 
acid antibodies (i.e., s>-nlhetic heteropolymers) can be developed ^^ith any combination of 
desired specificities toward selected targets and/or effector species. Unlike immunoglobulin- 
based bispecific antibodies, synthetic heteropolymers can not onl> specifically bind, but also 
hvbridize to selected targets (e.g.. Wial. bacterial, genomic or cellular nucleic acid 
20 sequences). Bispecific nucleic acid antibodies for in vivo use t>pically comprise at least a 
first target-binding defined sequence segment that specifically binds or hybridizes a 
pathological target (e.g., a cancer antigen, vascular lesion, microbial sequence, coat protein, 
surface marker or membrane receptor) combined with at least a second defined sequence 
segment capable of specifically binding an exogenous or endogenous effector (e.g.. aT cell. 
25 macrophage, cell surtace antigen or complemem receptor; a fibrinolytic, antineoplastic or 
antiinfective drug; a cuotoxin, cytokine, photodNnamic or hypenhennic agent: or a contrast 
or imaging agent, radionuclide or chelator). For example, a bifunctional therapeutic for 
mounting an endogenous defense against HIV can be de^■eloped using a synthetic 
heteropolymer comprising a first defined sequence segment capable of specifically binding 
30 the gp41 antigen of HIV-1 and a second defined sequence segment capable of specifically 
binding the Fc-gamma Rl receptor site (primarily found on monoc>tes and macrophages). 
Alternatively, HIV replication can be inhibited using a synthetic heteropoK-mer comprising a 
first defined sequence segmem capable of hybridizing to a selected nucleic acid sequence 
comprising the HIV-1 virion and a second defined sequence segment capable of specifically 
35 binding HIV-RT (and optionally a third defined sequence segment capable of specifically 
binding. e.g., the HIV-1 rev protein). For cancer imaging and therapy, a single-step, 
bifunctional, mix-and-use radionuclide preparation (i.e., prepare as needed, minimizing 
waste from isotopic decay) can be developed using a synthetic heteropolymer comprising a 
first defined sequence segment capable of specifically binding CEA and a second defined 
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sequence segment capable of specifically binding an indium-Ill chelate (for imaging) or, 
aliemauvely, a \nrium-90 chelate (for therapy). In a particularly preferred therapeutic 
embodiment (e.g., for anticancer or antiviral therapy), a first defined sequence segment of a 
synthetic heieropolymer specifically binds a selected target (e.g., Lewis-Y antigen for breast 
5 cancer), a second defined sequence segment specifically binds an exogenous effector (e.g., 
a hydrolyzabie doxorubicin-peptide conjugate), and a third defined sequence segment 
specifically binds and activates an endogenous effector (e.g., the human Fc receptor of a 
killer macrophage). Optionally, this muitimolecular drug deliver>- system may be designed 
as a uiggered-release muitimolecular switch, i.e., a prodrug, wherein binding of the first 
10 defined sequence segment to a tumor cell or the third defined sequence segment to a 
macrophage stimulates local release of the doxorubicin-peptide conjugate. Provided released 
doxorubicin-peptide conjugate is internalized by lysosomes more rapidly than synthetic 
heteropoUmer-bound doxorubicin conjugate, this iriggered-release composition enables 
more effecii\ e cellular delivery of doxorubicin. 
15 In an alternative prodrug embodiment relying on a bispecific nucleic acid antibody, 

a targeted therapeutic enzyme is administered in inactive form and released and activated at 
- the site of therapeutic action. A heteropolymeric muitimolecular drug deliven' system 
comprising a bispecific nucleic acid antibody prodrug is designed as follows to transport 
carboxipeptidase G2 in inactive form to tumors of colon carcinoma patients and release the 
20 enzyme in active form on specifically binding CEA. First and second defined sequence 
segments are selected for the ability to specifically bind first and second nonoverlapping 
epitopes on CEA, each with very high affinity (e.g.. >10^ M'^). In other words, the two 
defined sequence segments specifically and tightly bind different regions on CEA in a 
noncompetitive manner. A third defined sequence segment is selected for the abilitx* to 
25 specifically bind and inhibit the enzyme carboxipeptidase G2. A synthetic heteropolymer is 
prepared comprising the carboxypeptidase G2-binding defined sequence segment fianked by 
the two CEA-binding defined sequence segments in such manner that binding of the two 
flanking defined sequence segments to tumor-associated CEA results in release and 
acli\'ation of carboxypeptidase G2. 

30 

Example 10: Use of synthetic hctcropolymers to detect membrane* 
immobilized oligonucleotides and proteins 

Synthetic heteropclymers can be used in a wide variet\' of immobilized reagent 
formats, e.g., to detect and quantify oligonucleotides or nonnucleic acid analytes, to 
35 immobilize a first defined sequence segment (e.g., an aptamer sequence) by hybridizauon of 
a second defined sequence segment to a solid phase oligonucleotide, to immobilize a 
muitimolecular complex or to immobilize a muitimolecular device comprising effector 
molecules functionally coupled to one another or to a u^sducer. Among the simplest 
embodiments of synthetic heteropolymer use in immobilized reagent formats are membrane 



•OOCID: <WO 99601 69A1J_> 



wo 99/60169 



PCTAJS99/11215 



- 228 - 

deiecuon applications, including DNA hybridization (Southern Wots), RNA hybridization 
(Northern blots) and protein detection (western blots). Following are examples of the use of 
synthetic heteropolymers and multimolecular complexes to detect membrane-bound nucleic 
acids and proteins. 

5 To demonstrate direct detection of an cdigonucleotide attached to a membrane, the 

oligonucleotide is first serially diluted in PBS. Replicates of each dilution are applied to 
nitnxellulose membrane either manually or, preferably, using a dot blot or slot blot 
apparatus designed for quantitative transfer (Hoefer Scientific Instruments, San Francisco 
CA). Oligonucleotides are then covaleniiy affixed to the membrane either by UV irradiation 
10 or drv'ing in a \acuum oven (85 "C). Membranes are blocked with a PBS blocking buffer 
containing BSA, nonfat dr>' milk and Tween® 20 and rinsed extensively in a PBS-BSA- 
casein-Tween® 20 blotting buffer. A multimolecular complex is prepared comprising a 
svnthetic heteropolymer with HRP specifically bound and covalently crosslinked to the first 
defined sequence segment (cf. Example 9, vide supra), a 10-nucleotide spacer sequence, 
15 and a second (DNA probe) defined sequence segment capable of hybridizing to the 
nitrocellulose-immobilized syntheiiic oligonucleotide. Blocked, washed membranes are 
immersed in a solution containing the HRP-synthetic heteropolymer complex in blotting 
buffer and incubated with genUe shaking to allow hybridization. Blots are then washed 
extensively in a modified blotting buffer and developed using a reagent mixture contaimng 
20 peroxide and a precipitating chromogen (e.g.. insoluble 33'.5,5'-tetramethylbenzidine or 4- 
chloro-l-napthol). Binding of the multimolecular complex is detected bv' visual inspection. 
For quantitauve determinations, blots may be scanned photometrically. For maximal 
sensitivit>-. blots may be developed with fluorescent or chemiluminescent HRP substrates, 
enhancers or coupled enzN-me reactions instead of a colorimeiric indicator and scanned, e.g., 
25 using a FLUOROIMAGER (Molecular Dynamics, Sunnyv^e CA) or MULTIIMAGER 
(Bio-Rad Laboratwies, Hercules CA). 

Alternatively, membrane-bound oligonucleotides are probed in a sequential, 
"forward sandwich" protocol using a first incubation with (oligonucleotide and HRP)- 
binding sv-ntiietic heteropolymer and a second incubation with HRP followed by washing. 
30 enzyme developmem and scaiuiing. In this protocol, blocked, %%ashed, oligonucleotide- 
spotted membranes are immersed and gentiy shaken in blotting buffer containing a DNA 
probe synthetic heteropolymer comprising a first defined sequence segment capable of 
specifically binding HRP and a second defined sequence segment capable of hybridizing to 
the nitrocellulose-immobilized synthetic oli^ucleotide (i.e., a DNA probe sequence 
35 segment) separated by a lO-nucleotide spacer sequence. The immobilized oligonucleotide- 
synthetic heteropolymer hybrid complex is rinsed in modified blotting buffer to remove 
unbound and nonspecifically bound synthetic heteropolymer. The resulting composition (a 
synthetic heteropolymer attached to a solid support by hybridization of one defined sequence 
segment to an immobilized oligonucleotide and capable of specifically binding at anotiier 
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defined sequence segment to a nonoligonucleoude molecule) is a generally useful construct 
for endowing a surface with recognition properties, e.g., lor use in solid phase assays, 
biosensors, biochips and molecular arrays for high-throughput screening and diagnostics. In 
the instant example, the recognition property inu-oduced to the surface (niuxxelJulose 
5 membrane) is specific binding of HRP, i.e. for detection of membrane-bound 
oligonucleotides. After rinsing to remove unbound material, the membrane with HRP- 
binding synthetic heteropolymer hybridized to membrane-bound oligonucleotide is incubated 
with HRP in blotting buffer, rinsed extensively in blotting buffer and developed according 
to procedures described in the preceding paragraph. 

10 Detection of nucleic acid hybridizaticm to an immobilized oligonucleotide is 

accomplished as follows. PGR is used to synthesize a single-stranded DNA probe 
oligonucleotide having a first 24-nucleotide sequence (A*) complementar\' to a target 
oligonucleotide (A) and a second 24-nucleoude sequence (B') capable of hybridizing a 
second, different nucleic acid sequence (B). The target oligonucleoude A is senally diluted 

15 in PBS and immobilized to a nitrocellulose membrane by quantitati\e transfer followed by 
covaleni attachment, blocking and washing as described in the preceding paragraph. A 
synthetic heteropolymer is prepared with a first defined sequence segment capable of 
specifically binding HRP and a second defined sequence segment (comprising nucleic acid 
sequence B) which is capable of hybridizing the probe oligonucleotide sequence B'. The 

20 DNA prdbe oligonucleotide is then hybridized via sequence A' with the immobilized target 
sequence A, and the membrane is washed in modified blotting buffer. The HRP-binding 
synthetic heteropolymer and HRP are then added, either sequenually or simultaneously. 
Altemauvely, the synthetic heteropolymer and HRP are prebound prior to assay, optionally 
followed by crosslinking HRP in place to produce a stable heteropolymer-HRP conjugate. 

25 Blots are then washed extensively in a modified blotting buffer and developed using a 
reagent mixture containing peroxide and a precipitating chromogen (e.g., insoluble 
3,3',5,5'-teiramethylbenzidine or 4-chlor6-l-napthol). Results are determined visually, by 

instrumented scanning. 

Synthetic heteropolymers and multivalent heteropoKmeric hybrid structures may 

30 be used in DNA blotting (i.e.. Southern blots), RNA blotting (i.e.. Northern blots) and 
protein blotting (i.e.. Western blots) by modificaUon of methods described in the preceding 
paragraphs. For Western blots, proteins are transferred after electrophoresis to a blotting 
membrane (e.g., nitrocellulose) using an electric current A selected protein is then detected 
using a sN-nthetic heteropolymer or multivalent heteropolymeric hybrid structure having one 

35 defined sequence segment that specifically binds the selected target and another defined 
sequence segment that specifically binds or hybridizes the detection reagent (e.g., HRP or 
and HRP-oligonucleotide conjugate). Extremely high sensitivity detection of protein targets 
can be achieved (e.g., <10 molecules) by extensively washing blots after the synthetic 
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heteropolymer binding step and then amplifving a deFined sequence segment comprising the 
s\-nthetic heteropoKTOer. 

Example 11: Use of synthetic heteropolymers In purifying selected 
5 molecules from complex mixtures 

Bifunctional synthetic heteropoKTners capable of specifically binding a selected 
mcJecule and recognizing a surface or surface-immobilized molecule, e.g., a structural shape 
or solid phase ligand, receptor, polymer or biopolymer, provide a useful and efficient means 
of isolating and purifying valuable molecules from complex mixtures. For example, a 
1 0 bifunctional synthetic heteropolymer comprising a first defined sequence segment capable of 
specifically binding a high-value biopharmaceutical product, e.g., a-interferon, salmon 
calcitonin, taxol, human growth hormone or follicle stimulaung hormone, and a second 
defined sequence segment capable of specifically binding an inexpensive polymer, 
preferably an insoluble or immobilized polymer such as dextran, agarose, or polyethylene 
15 glycol, can be used as a cost-effective and reusable purification reagent: Alternatively, 
isolation of related molecules from a complex mixture, e.g., a library, pooU biological 
sample or homogenate, can be achieved using a bifunctional synthetic heteropolymer 
comprising a first defined sequence segment selected for the ability to specifically recognize 
a class of molecules (e.g., taxoids, sex steroids, opiates, interferons, a-subunit-comprising 
20 glycoprotein hormones, homologous proteins, a family of ligands interaaing with a 
particular receptor (e.g., congeners or receptor agonists, antagomsts and/or mi.xed or partial 
agonists or antagonists) or a family of substrates, cofaciors or coenzymes recognized by a 
particular enzxine or family of enzymes). The synthetic heteropolymer is first added to a 
biological mixture or process stream comprising the selected molecule or group or molecules 
25 of interest (e.g., the biophamaccuiical peptide hormone, calcitonin). After bulk-phase 
mixing for two to 24 hours at controlled room temperature, the synthetic heteropolymer- 
bound calcitonin is separated from the mixture using a polymer matrix, e.g., beaded 
agarose, in either batch or colunrn mode. The calcitonin is then dissociated from the matfix- 
bound multimdecular comjdex under nondenaturing conditions (e.g.. salt or pH eluuon). 
30 and the separation support is regenerated by thermal or ionic dissociation of the svnthetic 
heteropolymer. Alternatively, processing conditions may be adjusted so that after unwanted 
constituents are removed (e.g., eluied, decanted and/or washed) from the purification 
vessel, the synthetic heteropolymer-calcitonin complex is eluted as an intact multimolecular 
complex. The calciionin-s\-nthetic heteropolymer complex is optionally covalently stabilized 
35 (i.e., chemically crosslinked), e.g., to prepare a specific binding assay reagent or an affinity 
support for calcitonin receptor. Alternatively, the multimolecular complex is subsequently 
dissociated, and the synthetic heteropolymer is recycled in downsueam processing. 

A particularly preferred batch process is developed to capitalize- on use of a 
synthetic heteropolymer as an affinity reagent capable of specifically binding the target 
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biopharmaceutical molecule (e.g., calcitonin) in solution followed by hybridization of the 
resulung multimolecular complex to an immobilized oligonucleotide. The first defined 
sequence segment of the syniheuc heieropolymer is selected to specifically bind calcitonin 
with high affinitN. The second defined sequence segment of the s>'nthetic heieropolymer is 
5 selected for the ability to hybridize to an oligonucleoiide immobilized to crosslinked dextran 
in such manner that the column can be regenerated and the synthetic heteropolyiner rec> cled, 
e.g., by heating and/or buffer washes. Alternatively, a column procedure can be used, 
wherein the synthetic heteropolymer remains hybridized to the column support and the 
column is regenerated by variable salt, buffer and pH washes. 
10 Any number of popular separation media (e.g.. membranes, hollow fibers, 

nitration media, elecu-ophoretic gels, and microparticles) to efficiently isolate and purif> 
different classes of molecules and groups of molecules, e.g.. industrial enzymes, dyes, 
monomers and polymers as well as pharmaceuticals, nutraceuiicals. proteins, lipids, 
peptides, enzxines, hormones and other biologicals, including viruses, bacteria and even 

1 5 plant and animal cells. 

In a paniculariy preferred type of separation process, sy nthetic heteropolymers are 
used to copurif\- mulUple selected molecules, preferably' multiple effector molecules, and 
more preferably multiple functionally coupled effector molecules, e.g., multiple enzymes, 
transport proteins, cytochromes or photosynthelic molecules comprising a pathway, shuttle 
20 or supramolecular assembly, particulariy a pathway or process invdving interaction between 
soluble and membrane-bound effectors (e.g.. cytosolic and/or extfacellular effectors as well 
as membrane-associated proteins, lipids and/or complexes). 

Particular time, labor, equipment and cost savings can be achieved in processes 
requiring isolation of multiple selected molecules from a single source or mixture (e.g.. a 
25 biological pool, a tissue homogenate or a bacterial, fungal or algal culture), especially if the 
multiple selected molecules are to be reamsUtuted or assembled into a functionally coupled 
multimolecular stfucmre or process, e.g., a multienzyme pathway or photosynthetic 
apparatus. Multifunctional synthetic heteropolymers, multivalent heteropolymeric hybrid 
structures and discrete structures comprising multiple nucleotide ligands and/or nucleotide 
30 receptors of the instant invention enable copurificauon of multiple nucleotide-bound 
effectors, preferably in a functionally coupled form. In a particularly preferred mode of 
operation, copurified effectors are characterized and quantified in nucleoiide-bound form by 
an assay thai measures an output of the functionally coupled effectors. 

35 Example 12: Selection of a synthetic deflned sequence segment for the 
ability to stabilize a peptide drug 

The commercial potential of biological molecules is often limited by instability in a 
particular environment, i.e., unacceptable or suboptimal half-life or shelf-life. 
Biopharmaceuocals for human, veterinary and agricultural use, for example, and selected. 
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engineered or evolved biomolecules for use in sensor and semiconductor devices (i.e., 
biosensors and biochips) tend to be less stable under conditions of use than synthetic or 
inorganic counterparts. To capitalize on the functional diversity and efficiency of biological 
molecules as drugs, devices and machine components, there is a need to stabilize, insulate. 
5 protect or shield vulnerable groups from enzymatic, chemical and environmental 
degradation. Apiameric and heteropobmeric muliimolecular de\ices of the instant invention 
provide a means to stabilize specifically bound, fragile molecular effectors from attack by 
protecting xulnerable groups, sites or topological regions. Preparation of. a protective 
aptameric or heteropolymeric composition requires selection of a defined sequence segment 
10 capable of binding a selected effector molecule and shielding susceptible group(s) from 
chemical and/or conlormaiional modification under conditions ot use. 

For example, a defined sequence segment can be selected to bind a therapeutic 
peptide and attenuate pepude degradation under physiological conditions, thereby increasing 
the in vivo half-life and therapeutic efficacy of the nucleotide-bound peptide. The instant 
15 example describes selection of defined sequence segments capable of binding to and 
enhancing the staWlitN- of antiplatelet and antithrcMnbotic peptides, e.g., the RGDS peptide 
SK&F 106760 (SmithKline Beecham, Philadelphia PA) or the Gp IlWIIIa receptor-specific 
chimeric Fab fragment anti-7E3 (CENTORX; Centocor, Malvem PA) 

Vascular thrombotic events associated with myocardial infarction, percutaneous 
20 transluminal coronary angioplasty (PTCA), stroke, peripheral arterial occlusion and venous 
thromboembolism, among other conditions, cause significant morbidity and mortality. 
Intense anuthrombin and antiplatelet drug development efforts are underway to reduce the 
incidence of thrombotic events. Because rethrombosis cx:cure in 15% to 35% of treated 
patients, a major drug development focus for the treamient of acute myocardial infarction is 
25 maintaining vessel patency following tiirombolviic therapy. Another major focus is reducing 
the incidence of restenosis following PTCA procedures from the historical rate of about 
30%. Other important applications for anuthrombin and antiplatelet agents include chronic 
maintenance vessel patency following coronar>' aiter>- bypass surgerv- and post- 
thromboembolitic stroke. Pharmacological approaches to tiirombosis include prostaglandins, 
30 calcium channel blockers and antifibrinogen agents; antagonists of platelet activating factor 
and glycoprotein (Gp) lb, lib and Ilia receptors; ticlopidine. which alters GP Ilb/lIIa 
receptor expression; and inhibitors of cyclooxygenase, thrombin, phosphodiesterase and 
thromboxane synthetase; Significant evidence indicates that fibrinogen binding to tiie platelet 
Gp Ilb/IIIa (adhesion) receptor is the final common pathwa\ of platelet aggregation, 
35 suggesting the utility of effective Gp Ilb/lla receptor antagonists. CENTORX (Centocor; 
Malvem. PA) is a chimenc anti-7E3 Fab fragment with Gp Ilb/IIla receptor specificity. 
RGD and RGDS peptides bind the active site of the Gp Ilb^IIa receptor through the 
adhesive protein recognition sequences Arg-Gly-Asp and Arg-Gly-Asp-Sef, respectively, 
which are essential for fibrinogen-recepior interaction. However, the clinical and commercial 
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potential of such antibodies and peptides as aniithromboiics is limited by their unacceptably 
short half-lives. Platelet Gp lb receptors interact with \on Willebrand factor associated with 
damaged N-ascular endothelium to initiate platelet adhesion. Adhesion is followed by platelet 
aggregauon which, in turn, leads to thrombus formation. Gp lb receptor antagonists may 

5 therefore interrupt thrombus formaUon at an earlier point in the pathologic cascade than Gp 
Ilb/Ila receptor antagonists. 

Administration of a drug specifically bound to an apiamenc or heieropoiymenc 
defined sequence segment of the present invention can increase the circulating half-life and 
therapeutic efficacy of the drug, as exhibited by enhanced antithrombotic perfonnance of a 

1 0 platelet receptor antagonist. For example, a therapeutic composition comprising a platelet Gp 
Ilb/IIIa receptor antagonist (e.g., RODS pepude SK&F 106760 (SmithKline Beecham; 
Philadelphia, PA). Biitisiaun or Echistatin (both of Merck; Rahway, NJ)) specifically bound 
to selected defined sequence segments are administered perioperatively by intravenous 
infusion. 

15 A library of fiuorescein-labeled RNA molecules comprising a 35-nucleotide 

randomized sequence flanked by PGR primer sequences is produced by transcnpuon of a 
corresponding cDNA array. The receptor-specific chimeric Fab fragment anti-7E3 
(CENTORX; Ceniocor, Malvern PA) is incubated with the libran for two hours at room 
temperature, and the mixture is transferred to a screw-capped fiask comprising cultured 
20 fibroblasts in human serum protein-supplemented growth medium. After 24-hours in a 37 
«>C, controlled CO2 incubator, the medium is transferred to microfuge tubes and centrifuged 
at 8,000 X g for one minute to remove cells, aggregates and debris. The supernatant is 
transferred to fresh microfuge tubes and nuorescein-labcled anu-7E3/nucleotide complexes 
are separated from the remainder of the mixture by agarose-RGDS aiTinity chromatography 
25 (and/or ion-exchange chromatography) with fluorescence monitored in black HuoroNunc'** 
plates (Nunc, Inc. Naper^'ille, IL) using a FLUOSTAR microplate lluorimeter (SLT 
Labinstruments, Research Triangle Park, NC). Only aptameis that specifically bind the anti- 
7E3 Fab fragment and protect from enzymatic degradation in enzyme-supplemented medium 
are isolated by the selecuon procedure. Unbound fluorescein-labeled RNA sequences, 
30 fluorescent nucleotide fragments, and anti-7E3-binding nucleotides that fail to protect against 
anti-7E3 epitope modification in enzvrae-supplemented culture are retained by the 
chromatography medium. 

In alternative selection procedures, mixtures comprising anti-7E3 Fab fragment 
and cDNA-generated RNA libraries are subjected to heat-stress {85_'>C overnight) and/or 
35 enzN-matic treatment by panels of proteases, endopepudases and exopeptidases. Complexes 
comprising stabilizing fluorescent apiamers are then identified by ion exchange 
chromatograph> or affinity chromatography using RGDS agarose as described in the 
preceding paragraph. 
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Selected aptamers are amplined by PCR and sequenced. Anu-7E3-binding 
epitopes are assessed by structure probing. Relati\e affinity is determined in competitive 
bmding assays (e.g., fluorescence polarization, fluorescence energy transfer) using labeled 
anti-7E3. The relative protective utility^ of selected aptamers is determined by real-ume and 
5 accelerated stability studies (i.e., in vifro. in culture and subsequently in animals). The 
selected apiamens) maximally effective in protecting anti-7E3 from degradation in animal 
studies is scaled up for controlled safet\' and efficacy comparisons using anii-7E3 
administered alone \ ersus anti-7E3 administered as an aptamer-anti-7E3 complex. 

10 Example 13: Selection of denned sequence segments capable of mimicking 
the specificity of a known receptor 

The ad\ ent of hybridoma technology in the mid-1970s catalyzed the ex oluiion of 
an entire industr\ dedicated to screening, selection, characterization, scale-up, purification, 
labeling and formaning ol" monoclonal antibodies for applications rangmg from chnical, 
15 academic and industrial research to in vitro diagnostics, in vivo imaging, immunoconjugate 
therapy and enN ironmenial, agricultural, military, workplace and even home testing. 
Hybridoma technology offers the potential to create a highly di\ erse \ ariety of reagents with 
differing binding specificities. Antibodies with useful specificities toward most haptens and 
antigens heretofore known to be important diagnostically (i.e., those delected by FDA- 
20 approved in vitro diagnostic assays) are readily available as catalog items from a large 
number of commercial suppliers. However, the strucmral attributes and potential 
constraints, limitations and/or conditions of use for immunoglobulin reagents are nonideal 
for certam applications and preclusive for others. Potentialh* undesirable attributes of 
antibodies include, for example, their relatn ely large size (160 kilodaltons), insiabilii\^ with 
25 prolonged storage at ambient or elevated temperatures, structural >ariabiliiy (i.e., 
carbohydrate composition and microheterogeneity), potential for structural (i.e.: genetic, 
conformational) drift, and highly complex and unpredictable tcrtiarv* structure as a function 
of primary- amino acid sequence. 

As detection, amplification and signal transduction technologies improve and 
30 u-ends toward minianirization continue to push formats toward the micron and even 
submicron scale, the performance of diagnostic technologies (e.g., sensiti\'ity, specificity, 
precision, reproducibility, shelf-life) are becoming progressi\ely more dependent on the 
molecular features and properties of recognition and transduction reagents. For applications 
requiring truly \\ell-characienzed reagents, e.g., pure preparations of chemically defined 
35 specific binding reagents whose function (e.g., binding assay performance, stabilit\0 
correlates predicubly with chemical composition and structure, antibodies are less than 
perfect. Achieving sensitive, specific, reliable and robust performance from antibody 
reagents of is panicularlx challenging in harsh, volatile and/or \ ariable en^^ironments or 
processes (e.g.. biological Huids, organic solvents, thermal cycling, freeze-drying. 
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operating conditions within a machine or system and/or ambient indoor or outdoor 
condiuons). Disad\ aniages of antibodies as reagents, drugs and de\ ice components include 
not only reiiabilii>-, stabihty and shelf-life limitations. Antibodies are disadvantageously of 
relatively high molecular weight (e.g.. 50-160 kilodalions; 50-105 kilodaltons lor Fab and 
5 F(ab')2 fragments) and size (i.e., about 14x10x4 nm^, for IgG and 7x5x4 nm^ for Fab'), 
susceptible lo proteolytic digesuon, aggregation, microbial contamination, and are difHculi 
to modify and/or conjugate at uniquely defined sites, except, e.g., at N-terminal and C- 
terminal amino acids, poly-his regions, strategically located thiols and/or sites introduced b\ 
genetic modificauon. Also, because of potential genetic drift of hybridoma cell lines and/or 
10 storage instability of frozen antibody stocks, guaranteed sourcing and the security of rare 
clones and secreted antibodies are nontrivial issues. 

Nucleotides provide a number of significant ad\ antages as feedstock molecules for 
the production of well-defined molecular recognition dexices, particularh multisite 
nucleotides comprising multimolecular devices. Not only do nucleotides provide a 
15 convenient approach to self-assembly based upon predictable rules of base-pairing, effectors 
can also be readily attached by noncovalent, rexersible or quasire\ ersible means (e.g., 
specific binding to defined sequence segments). Unlike anubodies. oligonucleotides can be 
readily synthesized by automated methods (e.g., a DNA synthesizer) and strategically 
modified at defined positions by incorporating or attaching different functional groups at 
20 defined positions. Oligonucleoudes can also be conveniently and reproducibly conjugated or 
immobilized Ma defined groups, e.g.. funcuonal groups of modified and/or 5" and/or 3' 
terminal nucleotides. Also, the geometry of the DNA duplex is well defined, the nucleotide 
backbone may be extensively modified and sequences comprising nucleotide reagents and 
devices can earn infoimation useful in directing self-assembly, specific binding and 
25 enzN-mauc processes. This last informauonal role of nucleotides is particularly important in 
practicing nucleotide-di reeled assembly processes of the instant in^•ention, paniculari> 
template-directed assembly of useful multimolecular devices and drug deliver} s> stems. 

Antibodies, particularly bispecific antibodies, can in certain instances usefully 
assemble two different molecules, e.g., an effector cell and a therapeutic target or a surface- 
30 bound anal\ie and a delectable reported molecule. However, antibodies cannot be built to 
suit, conxenientl) modified at defined posiuons. assembled by predictable rules of 
association, produced by automated synthesis, subjected lo extreme temperatures, stored as 
benchtop reagents, or. perhaps most importanu archived simply as sequence code that can 
be communicated by phone, fax or modem from one laboraior\- lo another, enabling turnkey 
35 synthesis of the chemically defined product anywhere in the world within a maner of hours. 

Nucleotides comprising synthetic heteropolymers of the instant in\ention, in 
contrast to antibodies, provide a general class of structures useful as bimolecular and 
multimolecular assembly templates. Templating (i.e., template-directed assembly) in mm, is 
an effecti\ e technique for mimicking the su^ctural organization and efficiencies of biological 
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svsiems. as apparent, e.g., in electron transport systems, lighi-haiA esting antenna systems, 
biochemical amplification and feedback systems, e.g., metabolic and regulator> cascades, 
multistep enzvme and signal transduction pathways, immune and innammatory responses, 
and the like. Commercial applications of template-directed multimolecular assemblies 
5 include, u ithout limitaoon. advanced materials, devices and processes. e.g.. smart polymers 
and poh mer-dex'ice hybrids; microelectronic, photonic and optoelectronic devices; industrial 
process control svstems. enzyme reactors, chiial processes, and detoxificauon systems; 
diagnosuc reagents, devices, biosensors and biochips; and multimolecular drugs, prodrugs 

and drug delivers systems. 
10 Templaiing offers a number of advantages for reproducibly constructing 

molecular-scale devices. For example, template-directed assembh eliminates the need for 
coxalent attachment of effectors (or other selected molecules), a common source of 
heterogeneity in macromolecular conjugate preparauons. Noncoxalent effector attachment 
enables reversible or quasireversible stimulus-response coupling, an important feature ol 
15 multimolecular deMces, e.g.. switches and sensors designed for repeuuve activation and/or 
continuous monitoring. Effector molecules, complexes, supramolecular assemblies and even 
particles and devices of virtually any size, composition and stnicture can be reproduciWy 
attached to templates by specific binding interactions, regardless of the number and diversity 
of functional groups. Specifically bound effector molecules remain chemically unmodified. 
20 obviaung the risk of irreversible functional damage. Also, effector molecules need not be 
purified prior to assembly, reducing processing time, labor, and matenals costs and 
improNing device yields. Template- based multimolecular assemblies prepared by site- 
directed attachment of selected molecules have uniform and reproducible supramolecular 
composition. The> can be therefore be used (and documented) as chemically defined (e.g., 
25 uell-characienzed) components for manufacture of higher order devices and systems. 
Templating can also be combined with chemical, electromechanical, and opucal assembly 
and modification tools, including, e.g.. crosslinking, use of deri^•atized nucleotides, 
nucleotide analogs, nucleotide ligands and nucleotide receptors; use of scanning probe 
techniques such as AFM and scanning tunneling microscopy; and use of lasers, e.g.. for 
30 optical trapping, optical tweezers and the like. 

Nucleoudes are particularly advantageous building blocks for template 
constniction. Efficient, reliable and programmable synthetic oligonucleotide production is 
routineh- achicNed on automated synthesizers amenable to large-scale, cost-effecuve 
production. With current efforts to scale up oligonucleoude manufacture (e.g., for antisense 
35 therapeutics) production costs are dropping at an accelerating rale. Also, nucleoude 
monomers and backbone-modified oligonucleotides have the potential to be stored and used 
more like benchtop chemicals than fragile biologicals. The combinatorial (i.e.. sequence- 
related) and chemical (i.e.. relating to backbone, nucleoside modifications and nucleoude 
analogs) di^ersit^• of nucleotides provides broad recognition potential for specific binding 
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and assembly of Ninually limitless combinations of molecules. Hybridization of 
complemenian- nucleotide sequences enables modular device construction, i.e.. efficient 
design and production by synthesizing and assemblmg h>bndizable components. 
Essentially, nucleotides are uniquely qualified lor self-assembly processes reiving on both 

5 complementary base painng and ligand-receptor docking. .Also, nucleotides compnsing 
assemblv templates can be recycled (i.e.. salvaged and reused «ith or without modificauon) 
bv dissociauon from specifically bound effectors. Further, the replicaiive properties of 
nucleotides enables development of mulumolecular devices that not only self-assemble, but 
also self-replicaie. Finally, manufacturing technologies for nucleotide template-based 

10 assembly already e.xisi. e.g., methods for preparing large arrays of (e.g.. immobilized) 
nucleic acids for sequencing and diagnosuc use. there is substantial and growing interest 
\vithin the semiconductor industry in fabrication and commercialization of oligonucleotide 
chips, e.g.. to capitalize on the potential s>nergies between biotechnology and 
microelectronics.. 

15 For these and other reasons, ii may be desirable for a number of applications to . 

"transpose" the useful binding specificit> of an identified ("reference" or "parent") receptor 
or ligand. e.g., an antibody, membrane receptor or therapeutic target (e.g.. a coat protein, 
disease marker and/or cell surtace antigen) into a nucleotide sequence, preferably a defined 
sequence segment comprising a synthetic heteropolymer or an aptamcric or heteropolymeric 
20 multimolecular device, which displays the same useful specificii) . optionally a similar, 
related, antiidiotypic, idiotypic and/or more useful specificity, as the idenufied receptor or 
ligand. In other words, it may be useful to select an oligonucleotide, e.g., from a diverse 
mixture or library of nucleic acids, based upon the ability of the oligonucleotide lo mimic the 
idiotypic or anuidiot>pic binding specificity ol an idenufied ligand or receptor. An 
25 oligonucleotide that mimics tiie binding specificit>- of a selected ligand or receptor is also 
referred to herein as a ligand or receptor mimetic or a mimetic nucleic acid sequence. Once 
characterized (e.g.. for binding specificity and affinity, preferably following amplification) 
and sequenced, sequences with desirable binding specificities may be incorporated as 
defined sequence segmenK into synthetic heteropolymers. aptameric and heteropolymeric 
30 mulumolecular devices disclosed herein. 

A particularly preferred technique for identifying a defined sequence segment wiUi 
specificity that mimics a selected ligand or receptor is the ligand-receptor dissociation 
method, also referred to as ligand dissociation, receptor dissociauon. or simply a 
dissociation or displacement meUiod or assay. Oligonucleoudes composing a diverse nucleic 
35 acid mixture ore selected based upon their ability to dissociate a ligand-receptor complex. 
Heterogeneous selection assays are preferred, wherein either the ligand or the receptor is 
immobilized to a solid support. The specific binding partner of the immobilized reagent 
(e.g.. the receptor or ligand, as the case may be) is specifically bound to the inunobilized 
reagent, and mimetic nucleic acid sequences are selected (i.e., by subsequent 
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characienzauon) from those capable of compeutively displacmg sa.d speaf.c binding 
partner. Homogeneous (i.e., solution phase) selecuon methods can also be used, wherein 
members of a nucleic acid librarv- competitively dissociate a soluble ligand-receptor complex. 
In a t^•pical protocol lor selecting hgand or receptor mimeucs. variations m specU.aiy and/or 
5 affinitv of selected nucleotide sequences are evolved by iterative or stepwise irans.uons m 
selection pressure, e.g., by subsutming congeners or crossreactants lor one or both 
members of the dissoaable ligand-receptor pair, by changing the selecuon assay architecture 
(e o from immobilized ligand to an immobilized receptor or homogeneous formal) or by 
ch^gmg the selecuon assay protocol, buffer composiuon or incubation condiuons. The 
1 0 penormance m a chosen assay of a defined sequence segmem selected to precisely mim.c the 
binding spccificm of the mcxlel ligand or receptor is then used as a standard against which 
to compare the pertormance of variant sequences selected with overlapping, nonidentical 
specificities. Through iterative selertion for evoh ing specificities, it is even possible to 
Identify defined sequence segments that speafically bind a selected target ol the parent, 
15 ligand or receptor in a manner that is noncompetitive with the parent In other . words, 
specillcitN- migration enables the identification of pairs or groups ot delined sequence 
segments that bind a seleaed target at fully redundant, concentnc, parually ov eriappmg or 
even nonoverlappmg target recognition sites. Refinement or migration of binding speaficm 
(, e epitopic evolution and/or drift) may be rationally innuenced or directed, e.g., by 
20 chemicallv modifving a selected target in a site-directed manner. Alternatively, selection 
pressure may be applied in an arbitnuy or exploratory mamier. e.g., by changing the buffer 
conditions, temperature, timing or protocol of the selection process. 

A defined sequence segment with binding specificitj- mimicking that ol an anubody 
for Its antigen is identified using a selecuon method relying on compet3UN e dissociation ot 
25 the antigen-antibodv complex (i.e.. a hgand- receptor dissociation method), as descnbed 
beloxv for a monoclonal IgG antibody against the chemokine. human interieukin-8 (IL-8). 

IL-8. also known as monocv te-derived neutrophil chemotactic factor, is a member 
of the chemokine alpha or C-X-C family. The mature form of human IL-8 consists of 72 
amino acids, has a molecular weight of about S,000 dalions and, like other chemotanes, has 
30 four cysteine residues. IL-8 is a chemotacuc factor that exhibits acuvity in vitro toward T 
cells neutrophils and basophils, as measured, e.g., by the enzymes myeloperoxidase, a- 
mannosidase and fi-glucuronidase. Recombinant IL-8 is expressed in £. coh, punfied 
(>97% puntv bv SDS-PAGE), diluted in PBS-BSA. sterile filtered and lypohilized. Munne 
monoclonal antibodv specific for IL-8 (anti-IL-8) was produced from mice immunized wuh 
35 recombinant IL-8 and shou-n to neutralize the biological activity of recombinant lL-8 (S.gma 
Chemical Companv. St. Louis MO). The IgG fraction of the ascites fiuid was punfied by 
protein A afnnit^ chromatography. Specificitv- for IL-8 was demonstrated by md>reci ELISA 
and western blot assavs using a crossreacuvitv- panel including, e.g., recombinant human 
RANTES recombinant human GRO-a, recombinant human MlP-a, recombinant human 
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MlP-p. recombinant mouse MIB-l-a and recombinant mouse NUB-l-fi. When immobilized 
on a micTOtiier plate, the antibody is capable of capturing recombinant as u ell as natural IL- 
8. 

Proteins {e.g., IL-8 or anti-IL-8 antibody) are immobilized at room temperature to 
5 either paramagnetic particles or 96-sveil polystyrene microuter plates according to the 
loUowing protocols. In each case, control solid phases without immobilized anugen or 
antibod\ are prepared in parallel for use as a^unierseleciion matrices (e.g., to .select against 
nucleic acids that bind supports and/or support-bound blocking agents such as BSA). 

For paramagnetic panicles (aminc-modified BIOMAG: Advanced Magnetics. 
1 0 Cambridge MA ) is washed five times with vigorous \ orte.xing and magnetic separation in 10 
mM sodium phosphate (NaPi; pH 7.4) at a panicle concentration of 5-10 mg/ml. After the 
final wash, the wet cake is resuspended to 25 mg/ml in 6.2595: glutaraldeh\de (GA. Sigma 
Chemical Company. St Louis MO) and rotated at ro<.^m temperature for three hours. GA- 
treated panicles are washed six limes in NaPi. Washed. GA-activated panicles are 
15 resuspended w ith PBS (pH 7.2-7.4) contaming the protem lo be immobilized at a final • 
concentration of 3-10 mg/ml. An aliquot of the protein soluuon is retained for detennination 
of immobilization efficiency. The protein- parucle sluny is rotated at room temperature for 
16-24 hours. Panicles are magnetically separated. The supernatant is decanted and retained 
for estimation of residual protein. Unreacied GA groups are quenched b\ rcsuspension of 
20 panicles to about 10 mg/ml in i M glycine (pH 8.0) followed by rotation for one hour. 
Quenched panicles are washed twice in PBS (pH 7.4) and blocked by rotation for two to 
four hours in PBS containing 2 mg/ml BSA. Blocked panicles are washed three times in 
PBS containing I mg/ml BSA, resuspended lo a panicle concentration of 10 mg/ml and 
stored at 2-8 °C. Working aliquots are washed three times in assay buffer v\ ith thorough 
25 \ onexing at a panicle conccntrauon of about 1 mg/ml pnor to use to protect against artifacts 
from leaching of immobilized reagents with prolonged storage. 

Altemati%ely, lL-8 or anti-IL-8 antibody is nonco\alentl> adsorbed lo surface- 
modified pol>st>rene microliter plates by passive adsorpUon according to the following 
protocol. Proteins are diluted to 2-20 ug/ml in 50 mM carbonate buffer (pH 9.6) or 10 mM 
30 sodium phosphate (pH 7.4) in borosilicate glass tubes or 50 ml polypropylene cenirifuge 
tubes immediately before use. Qear polysivrene IMMULON^^ 4 or white MICROUTE^^ 2 
nat-bottomed microliter plates (Dynatech Corporation, ChantiUy VA) are coated at \00 f4\ 
per well for 2 hours at 37 "C, 4 hours at room temperanire (20-23 °C) or 15-24 hours ai 2-8 
''C. Plates are decanted and washed once by filling wells with wash buffer (PBS (pH 7.4) 
35 containing BSA ai 1 mg/ml) and decanting. Wells are blocked for I hour with 200 /^l PBS 
containing 2 me,ml BSA and washed five additional times with wash buffer. In 
modifications of this coating procedure, plates are preireated or post-treated with 0.2-2.5«?c 
GA followed by quenching (i.e.. with an e.xcess of amines, e.g.. using 1 M lysine) and 
reduction le.g.. using sodium cyanoborohydride) to covalenily attach antibodies. 
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pamcularly lor selection methods relying on harsh selection pressures and/or thermal 
cvcling. 

IL-8 is specifically bound to washed BlOMAG-anii-IL-8 particle preparations by 
gentiv rotatinnamixnit^ of antigen (2-lOug/ml) and panicles (1-3 mg/ml) lor two hours at 
5 Lm temperature. Immobilized anUbody-antigen complexes (BION4AG-anti body- IL-8) are 
washed fiNe times at a particle concentration ot 300 ug/ml and resuspended to a panicle 
concentration of 5 mg/ml. The specifically bound IL-8 solid phase is stored at 2-8 °C and 

washed three times immediately before use. 

A diverse mixture comprising approximately 10»3 single-siranded RNA molecules 
10 consistme ol a 30-nucleoUde randomized sequence fianked by PGR primer-annealing 
sequences is prepared by methods known in the an (e.g.. Blingion and Szostak (1990) 
Nature 346 %\%-^2). Nonspecific, solid phase-binding nucleic acids are removed trom the 
mixture bv preabsorpiion with freshly washed BIOMAG-anii-IL-8 and control BIOMAG 
CO0i*\ each). Two hundred nucrohters of freshly washed BIOMAG-antibody-IL-8 is then 
15 added to the countcrselected nucleic acid mixture. The nucleic acid-plus-BION4AG rcacuon 
mixture is incubated with gentle rotation lor 10 minutes at room temperature and 
magneticalh separated. The resulting supernatant (compnsmg unbound nucleic acids and 
nucleic acid-IL-8 complexes formed by dissociation of IL-8 from the anti-IL-8 solid phase) 
is transferred to a clean 12x75 mm test tube, leaving behind the separated solid phase 
20 (compnsmg immobilized antibody-antigen complexes, immobilized complexes with nucleic 
acids bound noncompctitively to aniibody-bound IL-8, and immobilized antibody lacking 
bound IL-8 (due to nucleic acid-dependeni competitive dissociation)). The supernatant 
comprises free nucleic acids, free IL-8 (dissociated from solid phase immune complexes 
either spontaneously and/or by immobilized antibody-binding RNA molecules) and nucleic 
25 acid-lL-8 complexes formed by competitive displacemem of IL-8 from immobilized 
antibodv. Nucleic acid-IL-8 complexes are separated from the supernatant mixture by gel 
chroma'tography using a SEPHADEX G-25 column (crosslinked dextnm; Phannacia LKB, 
Piscataway. NJ). Nucleic acids comprising separated comple.xes are then amplified by PGR 
under thennal c\ cling conditions that dissociate bound IL-8. 
30 Characienzation of each IL-8-binding RNA sequence is preferably accomplished 

b^ 1) sequencina the IL-8-binding RNA molecule, 2) preparing a syntheuc heteropolvTner 
that includes a first defined sequence segment comprising the IL-8-binding sequence and a 
second defined sequence segment selected to hybridize an HRP-digonucleotide conjugate 
(cf. Example 8) separated bv- nucleotide spacers, and 3) detennming percent binding, 
35 affinitN and specificiiv' of PCR-amplified selected nucleic acids for IL-8 by modified ELISA 
using 'lL-8-coated microtiter plates as solid support and HRP-oligonucleotide conjugate as 
reporter. SMithetic heteropolymers are first titrated in a PBS-TWEEN- -BSA assay buffer 
against plates coated with 500 ng/well of recombinant IL-8. Plates are decanted and washed 
once in assay buffer. The HRP-oligonucleotide conjugate is then hybridized to bound 
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s>ntheuc heteropolxmers, plaies are decanicd and washed tw ice in assa>- buffer, and HRP is 
developed by addition of a liquid substrate system comprising 3,3',5.5'- 
letramethylbeiizidine (TMB; Sigma Chemical Company, St. Louis MO). Color development 
is deiermmed either kineucally at 655 nm (blue) or by first stopping reactions with 0.5 M 
5 sulfuric acid and reading the cndpomt at 450 nm (yellow). The specificity of selected RNA 
sequences for IL-8 is determined by competition assay at haU-mavimally effectiNe synthetic 
heieropolymer concentrations (i.e.. EC50) using a crossreactivity panel comprising 
recombinant mouse and human inierleukins (i.e.. interleukins I through 15) and selected 
recombinant interleukin receptors. 
10 Defined sequence segments shown to specifically bind IL-8 in competition assays 

using interleukins and interleukin receptors as competing crossreactants are subsequenUy 
cN aluatcd in competition assays with reference antibody (i.e., the parent anti-IL-8 antibody) 
- and optionally by structure prc^bing. In a first set of experiments, the ability of synthetic ^ 

heteropolN-mers and corresponding RNAs (e.g.. first defined sequences) to inhibit the 
15 binding of anti-lL-8 anubcxly 10 lL-8-coated plates is tested in ELISA format using a goaf 
anti-mouse IgG-HRP conjugate as labeled second antibody. Selected RNA sequences that 
potenUy inhibit anti-lL-8 binding (i.e., as determined by both RNA and corresponding 
synthetic heteropohmer inhibition) are then evaluated in a reciprocal assay system, i.e.. 
using anti-IL-8 antibody as a competitive inhibitor of synthetic heicfiopolymer binding to IL- 
20 8-coated plates. HRP-oligonucleotide conjugate is used as secondar> label. Synthetic 
heteropolymers .shown to be mutualh competitixe with parent anti-lL-8 antibody in 
reciprocal EUSA configurations (i.e.. RNA sequence inhibits anubod> binding and 
antibod> inhibits synthetic heteropolymer binding) are selected as IL-8 antibtxly mimics. 

To further rcsoh e the specificity of a selected defined sequence as compared with 
25 parent antibod>. epitope mapping may be achieved b> structure probing or b> modified 
ELISA using a sNiithetic heteropolymer assay protocol. A panel of monoclonal (mouse anti- 
human) anti-interleukin Fab fragments having specificities against human IL-I through IL- 
15 is used to identify competiti\e inhibitors of syntiietic heteropol\-mer binding to IL-8- 
coated plates. HRP ojnjugated to affinity purified, light chain-specific goat anti-mouse 
30 antibody (OEM Concepts, Toms River NJ) is used as labeled secondary- anubodv. 

Defined sequence segments mimicking the specificity of ligands (e.g.. 
interieukins) for their receptors (e.g.. soluble, cloned interleukin receptors) can also be 
selected by ligand-rcceptor dissociation methods like those described in the preceding 
paragraphs for selecting antibody mimics. In this case, however, the ligand (e.g., 
35 recombinant human interieukin-4: lL-4) raUier than an antibody or receptor is immobilized 
(e.g.. on paramagnetic particles). IL-4 receptor (e.g., recombinant soluble receptor 
fragment) is speci'ficalh bound to immobilized IL-4 to fomi an IL-4 mimic-displaceable 
immobilized receptor-ligand complex. When incubated with a suitably coumerselected (i.e.. 
using control solid phases) iibrary of nucleic acids, e.g., an RNA or transcribed cDNA 
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Ub^ar^• wUh random.zed nudeoudes tlanked by pnmer annealing sequences, bindmg oflL-A 
^..^e'dc nucle,c ac,ds lo soi.d phase-IL-^^und IL^ receptor fragments results m 
d,ssoc,at.on of IL^ receptors mto the supemaunt m the form of nucleic aad-IL-4 receptor 
complexes. Nucle.c ac,d-lL-4 receptor complexes are purified by gel chromatography^^ 
5 Nucle,c actds of purified complexes are dissociated and amplified by PGR. sequenced and 
charactenzed bv ELISA methods substantially as descnbed in the preceding paragraphs^ 
Compeuuon a^ys are performed using mterleukins, interleuk^n receptors and ana- 
receptor antibodies to determine the specificity of selected nude.c actd IL-4 rmmeucs 
compared with the parent ligand. 
10 Defined sequence segments (i.e., uptamers) that m.mic the bmdmg specificity ot 

low molecular u eiaht drugs can also be .elected by receptor diss.x:,ation methcxls d.sclos«i 
herein as can apuuners that mim.c drrig receptors. For example, H, recepK^r-mimeuc 
aptamers (i.e., svnthetic histamine receptors) are selected using a dmetidine sohd phase 
prepared e.g.. bv immobilizing cimetidine-BSA conjugate to GA-activated BIOMAG. 
15 partides'and spedfically binding cloned histamine H, receptors. A nucleic acid library .s^ 
counterselected aeainst BIOMAG and BIOMAG-BSA, BIOMAG-H, receptor and a mixture 
compnsmg clon;d receptor and BSA in PBS. Nudeic acids remaimng following 
counterselection are selected against the BIOMAG-BSA-cimeudine-H,. receptor so . d phase 
for sequences capable of binding cmeudine by compeuuvei> displacing speafically bound 
20 H, receptois. Bound nucleic acids are separated by magnetic separation and washing, 
aiiplified bv PGR and sequenced. Binding of selected defined sequence segments (e.g., 
specifidtv 'and alTinitv of defined sequence segments comprising bifunctional syntheac 
he^ropolvmers) is compared with the parent drug, c.metidine. by competitive assay using 
HRP-oligonucleoude conjugate for detection in ameiidine-BSA<oated microtiter plates with 
25 and without s arx mg dilutions of histamine agonists and antagonists. 

Mimeuc defined sequence segmenLs selected to mtmic the binding speciliaty^ ol 
ligaruis and receptors (e.g., drugs, hormones, receptors, antibcxlies and anugcns) as 
illustrated in the instant example are advantageously incorporated mto svTitheuc 
heteiopolvmeis and aptamenc and heteropolymeric multimolecular devices of the invenuon^ 
30 IL-8 anti^v mimetics and lL-4 and ameudine ligand mimetics. for example, may be used 
as defined sequence segments comprising aptamenc and heteropoiymenc multimolecular 
sensors, particularly for drug discover- and more particularly high-throughput screening 
assavs. Altemau^ eh . mimeuc sequences may be used as targeung or drug-bindmg defined 
.sequence segmems comprising multimolecular drug delivery- systems. 

" Example 14: Seleetlon of aptamers using single-molecule det.etion and 
sequencing of target-bound nucleic acids ^ 

Single-molecule sequencing techniques currently under development enable the 
sequence of bases in kilobase fragments of DNA to be determined at rates up to several 
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• bases per second. Modifications of these techniques can be used lo detect and sequence 
nucleic acid molecules (e.g., from synthetic oligonucleotide librones) capable ol binding 
nonoligonucleotide target molecules, e.g., following librars selection for largei-bmding 
nucleic acids. Direct detection and identification of specifically bound nucleic acids without 
5 ampliHcation is accomplished using modifications of single-molecule DNA sequencing 
methods (e.g., Jeti J.H. et al. (1992) In: Human Genome 1991-92 Program Report. 
DOE/ER-0544P, pp. 129-130: Harding et al. (1992) Trends in Biotechnology 70:55- 57). 

Nucleic acids capable of binding a selected target molecule arc identified b> 
incubation of the target molecule with a diverse mixture of nucleic acids, preferably a nucleic 
10 acid librar\\ and separation of target-bound nucleic acids. For relatively large targets (e.g., 
soluble proteins, membrane receptors, cell surface antigens, membrane fragments, panicles 
or cells), separation is achieved, e.g., by size exclusion, centrifugation, membrane or gel 
filtration or filter binding. For low molecular weight targets (e.g., haptens or small drug^ 
molecules, hormones, dyes or Huorophores), separation is prelerably achie\ed b> solid 
15 phase absorption using a ligand-modified membrane, bead, microparticle or affinity support.- 
DiN crse mixnires of nucleic acid libraries are preferably prepared by automated synthesis of 
nucleic acids comprising at least one randomized region, preferably comprising about 20 to 
50 randomized nucleotides. Nucleotide-idenlifv-ing lluorescent tags (i.e., selected 
fluorophores that uniquely identify each type of nucleotide in the sequence) are 
20 advantageously used to facilitate laser-induced tluorescence detection of . individual 
nucleotides for single-molecule sequencing. 

A selected nonoligonucleotide target (e.g., an omega-3-unsaturated faii> acid, a 
pesticide. enzNine. coenzyme, redox mediator, bacterial lipopoh saccharide, n iraJ enxelope 
protein or lectin) is incubated with a mixture of nucleic acids, prelerably a diverse nucleic 
25 acid librar> . Bound nucleic acid-target complexes arc separated lYom the remainder of the 
mixture, e.g.. by gel filtration or alTinity chromatography. Purified complexes are opiionalh 
dissociated b> heating and rechromatographcd to isolate uirget-binding nucleic acids. 
Altemativeh, sequencing is performed using target-bound nucleic acids by selecting 
exonucleases capable of cleaving nucleotides without prior dissociation. 
30 In a first method for identifying aptameric sequences, laser-induced Huorescence is 

used to identify and sequence Huorescently tagged, Uirget-bound nucleic acid molecules. 
Aptamer-targei complexes are suspended at 37 oC in the How stream of a How c>iometer 
capable of single-fiuorophore detection. Tagged nucleotides are cleaved sequentialh from 
bound nucleic acid molecules by exonuclease (e.g., £. coli exonuclease III) and identified 
35 by laser-induced fiuorescence as they pass through the excitation laser beam. 

Alternatively, single-molecule sequencing may be achieved using laser-induced 
detection of endogenous nucleotide fiuorescence, i.e., without using fiuorophore- tagged 
nucleotides for nucleic acid library preparation. Target-bound sequences are isolated in an 
optical trap, and nucleotides are successively' cleaved using exonuclease. Cleaved 
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nudeoudes are separated from the parent nucleic acid and irradiated by a laser to excite their 
nauve lluoresccnce. The ideniitv- of cleaved nucleoiides is determined b>- spectral anal>;sis 
and comparison «ith the stored spectra of each nucleotide used for lib^ar^• synthesis (e.g.. 
A. G. U and C for an RNA librar>'). 
5 Sequences determined by single-molecule sequencing of target-bound nucleic acids 

are used to program an automated DNA synthesizer for production of syniheuc 
heteropoh-mers (or optionally aptamers) comprising selected defined sequence segments. 
Svnthetic' heteropolymers are produced at sufficient scale (e.g., i>pically about ten 
nanomoles) to enable determination of affinity (e.g., binding constant by Scaichard analysis) 
10 and specificity (e.g., percem binding to selected target versus potential crossrcactants) by 
modified ELISA methods (cf. Example 13, vide supra). Typically, synthetic heteropoKiners 
prepared for binding studies comprise a first defined sequence segment identified by single- 
molecule sequencing as a target-binding sequence and a second defined sequence segment 
capable ot hybridizing an HRP-oligonucleoude conjugate, opuonaily separated by nucleoude 
15 spacers. Alternatively, second defined sequence segments are selected lo hybndize a 
biotinylated or digoxigenin-modified oligonucleotide, enabling detection with a selected 
streptavidin-effector conjugate (e.g., sireptavidm conjugated to R-PE, AP, GO, or a 
Huorescent microsphere) or effector-labeled anti-digoxigemn antibodies. For characterizing 
aptamers selected for the ability to bind effector molecules (e.g., R-PE), synthetic 
20 heteropolvmers are preferably prepared with a first defined sequence segment comprising 
the selected effector-binding sequence (e.g.. R-PE-binding aptamer) and a second defined 
sequence segment conjugated to a conesponding donor or acceptor molecule (e.g., APC). 
Characteriziltion can then be achieved by homogeneous assay, wherein binding of target 
effector to the selected (i.e., first) defined sequence .segment results in functional coupling 
2 5 with APC conjugated to the second defined sequence segment. 

Example 15: Aptamer selection by single-molecule transfer of target-bound 
nucleic acid 

Recent advances in proximal probe techniques, particularly, scanning probe 
30 microscopes (SPM) and more paniculariy scanning tunneling microscopes (STM) and 
atomic foire microscopes (AFM) provide the ability to image molecules and groups of 
molecules with unprecedented resolution (e.g.. nanometer and e^en subnanometer detail). It 
is now possible to perform biomechanical studies on individual proteins, to physically 
manipulate individual protein and DNA molecules and to detect interactions between 
35 macromolecules. Prototype instruments now provide the capability of acquinng nanometer- 
scale SPM images simultaneously with relatively large-field optical microscopy images 
(e.g., by bnght-field or irons-ill umination or epi-fiuorescence). It is therefore possible to 
first scan an entire field or slide in search of a particular she. structure, imageor signal (e.g.. 
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with micron-scale resoluiion) and then zoom in with an SFM probe lo inierrogaie the image 
at tar greater resolution (e.g., nanometer-scale). 

On demonstrating molecular-resolution images of immunoglobulins and lipids by 
AFM Hansmaetai. (Clinical Chemistry 37:1497-1501 (1991a)) suggested that a dedicated 
5 AFM could be used as a versatile, albeit expensive, biosensor b\ scanning a surface having 
an affinity for a panicular vype of molecule until detecung an individual molecule of this 
type. High-throughput sequencing of DNA has also been proposed (e.g.. Hansma et al. 
(1991b) y. Vac. Sci. Techn. B 9:1282-1284). potentially at rates several orders of 
magniwde faster than conventional sequencing techniques. Imaging of single-stranded DNA 
10 and antigen-antibody complexes has been reported (e.g., Weisenhom et al. (1990) Scan. 
Microsc. '^:51 1-516). AFM has also been used to determine and/or measure, e.g., DNA 
length, morphoiog\ and degree of coiling (including changes in length with dmg binding), 
protein binding to DNA and proiem- induced DNA bending, effects of ionic strength on the 
supercoiling structure of double-stranded DNA, and the pitch of the DNA helix in tluid. • 
15 AFM can be ussed to direcUy map specific sites on plasmid and cosmid DNA molecules. , 
e.g., by \isualizing DNA restriction sites labeled with mutant restriction enzymes. 
Reproducible imaging and even dissection of plasmid DNA has also been reported (e.g.. 
Henderson (1992) Nucleic Acids Research 20:445-447. Hansma et al. (1992) Science 
256: 1180-1 184). It is therefore apparent that SPM. particularly AFM. can be used to study 
20 the interaction of dnigs and DNA-binding proteins with DNA, ligands with receptors (e.g., 
antigen-antibody binding), and can even be used to dissect and extract biological DNA (e.g.. 
from plasmids and supcrcoiled DNA). 

Disclosed in this example are novel methods relying on SPM, preferably AFM. to 
isolate and sequence individual synthetic nucleic acids selected for the abilit> to bind 
25 indi\ idual identified targets, opUonally including an amplification step to enable sequencing 
by rouune methods (i.e.. automated, capillary or gel-based methods rather than single- 
molecule sequencing as described in Example 14. vide supra). The instant methods are not 
directed, as is the prior art, toward determining or imaging the interacuon of DNA -binding 
proteins with nanirally occurring nucleic acids (i.e., DNA or RNA). Nor are the instant 
30 methods directed toward measuring the binding and/or effect of a drug on biological DNA or 
RNA. Nor does the present in\ention provide methods to screen or select heretofore 
unknown drugs or libraries for the abilit\- to interact with DNA or RNA. Rather, and 
conUTuy- to pnor an teachings, methods disclosed in this example are specifically directed 
toward the identification of individual synthetic nucleic acids capable of specifically binding 
35 selected nonoligonucleoude molecules, particularly ligands. receptors, structural molecules 
and effector molecules, having no heretofore known affinits- for naturally occurring RNA or 
DNA. In addition, the instant methods enable the characterization and selection of an 
identified target-binding nucleic acid (i.e.. an aptamer) based upon the binding force as 
measured by SPM. preferably AFM. of the aptamer-target interaction. In addition, methods 
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are proMded for remoNing an individual, selected aptamer from its bound target (i.e., 
d.ssoc>aung the aptamer-iarget complex) and tmnsponing the aptamer to a sequenang 
apparatus or amplincaoon vessel. The selected aptamer ts then amplified or sequenced, 
prelemblv first amplified and then sequenced, enabling sviithesis of the defined sequence 

5 segment (e.g., at nanomolar scale) for routine characterizat.on of binding affinitN and 
specificirv- (eg bv modified EUSA). Provided aptamer bmding lo the selected target 
molecule is found to be specific (i.e., the aptamer speafically btnds ihe selected target), the 
.elected aptamer sequence .s produced b> large-scale synthesis, preferably as a defined 
sequence segment compnsmg a synthetic heteropolymer and/or an aptamenc mulumolecular 

10 device. 

Among ihe many possible SPM configurations that can be applied to aptamer 
.election using SPM for single-molecule detection, four particularly preferred protocols are 
descnbed herein. In each protocol. AFM is used as the proximal probe technique ot choice, 
though It will be apparent to one of skill in the art that STM and/or hybrid probe techmques. 
15 can also be used. The four preferred protocols represent the four possible comb.nauons of^ 
two basic reagent architectures and txvo different sequencing subroutines. The two reagent 
an:hitectures are 1) target immobilized on substrate (i.e.. AFM slide), and 2) target 
immobilized on AFM tip. The two sequencmg paths are a) single-molecule sequencing 
(e g bv nuorescence) without pnor amplificauon. and b) single-molecule amphficaaon 
20 followed bv conventional sequencmg. The four basic protocols arc therefore: la) smgle- 
molecule AFM detection of aptamer bound to substrate-immobilized target followed by 
single-molecule sequencing, lb) single-molecule AFM detection of aptamer bound to 
substrate-immobilized target followed by single-molecule amplificauon and con^enuona 
.equencino 2a) sinale-molecule AFM detection of aptamer bound to AFM uF>.mmob.hzed 
25 target followed bv smgle-molecule sequencing, and 2b) single-molecule AFM detection o. 
apiamer bound to AFM tip-immobilizcd target followed by single-molecule amplificauon and 

conventional sequencing. 

Binding of a svnthetic nucleic acid (i.e., a selected aptamer) to an AFM substrate- 
immobilized target molecule is detected as follou s. The identified target molecule, human 
30 thvrocalcitomn (Si2ma Chemical Company, St. Louis MO), is dissolved in Tns buffer (pH 
7 4) at a concentration of 25-250 ug/ml and spotted onto a freshly cleaved mica surface. 
After a 5-50 minute incubation, the surface is linsed thoroughly with buffer, dried under 
nitrogen and probed with a NANOSCOPE® II AFM (Digital Instruments. Santa Barbara 
CA) bv lasier-scanning a shaip silicon nitride probe attached to a 100 x 20 x 10 micron 
35 cantilever over the sample surface in accordance with the manufacturer's recommendations. 
This instrumem has a ma.ximum scan range of approximately 10 x 10 microns. Image 
resoluuon (i.e.. lines per image and points per line) vanes with scan speed and .mage size. 
Images obtained bv scanning 500 x 500 nm demonstrate thNxocalatonm molecule densiues 
in the ranae of 10-100 molecules per square micron, depending on the coaung concentration 



•DOCiO <wO _ 99601 69A1 ) > 



wo 99/60169 PCT/US99/1 1215 



- 247 - 

and lime. Follouing imaging, the substrate is rinsed in buffer and dned under nitrogen. A 
mixture of nucleic acid molecules comprising a 50- nucleotide randomized region tlanked by 
PCR pnmer-annealing sequences is incubated with slivers of freshly cleaved mica to remoxe 
subsiraie-bmding nucleic acids. A twenty microliter aliquot of clarified supernatant of the 
5 mica-countereelecied solution is spotted onto the rinsed, ihvrocalcitonin-modined substrate. 
After a 10-minuie incubauon, the substrate is rinsed, dried under nitrogen, and scanned 
again using the NANOSCOPE® SPM. After idcntincaiion of a nucleic acid-thyrocalcitonin 
complex (as determined by increased topological height compared with immobilized 
thyrocalciionin scans), the scan is stopped and the tip-substrate feedback turned off, A 
10 loading force is then titrated from about the nanonewton tnN) to the micronewton (/<N) 
range, depending on the apparent binding force of the nucleic acid-thyrocalcitomn complex. 
To cMract the bound nucleic acid molecule (i.e.. the anii-thyrocaldtomn aptamer with 
Hanking pnmer-annealing sequences), one line .scan is performed at a loading force 
determined to dislodge the bound nucleic acid molecule. The probe tip with attached nucleic • 
15 acid molecule is then retracted from the substrate-target surface and transferred to a . 
microluge tube containing PCR primers and enzymes in 10 f*l of amplification buffer. The 
extracted thvtocalcitonin-binding nucleic acid molecule is then amplified and sequenced. 

The propensity of the AFM probe tip (which has a slighdy ncgaUN e surlace charge 
in water) to adsorb nucleic acid molecules during scanning and extraction phases may be 
20 altered by modifving the probe up with coupling agents having positiveh or negatively 
charged functional gmups. Since the probe up (e.g.. silicon mtride), nucleic acid and mica 
substrate are all topically negatively charged, nonspecific binding is not a significant 
problem. Optimal adhesi\ e forces between the probe tip and sample nucleic acid molecule 
mav be achiev ed through use of divalent cations, cationic lipids and/or nonaqueous probing 
25 solutions. The mica surtacc may also be modified, e.g., by dept«ition and cxaporation of 
neutral or near-neuiral coaungs and/or hydrophobic or hydrophilic groups. Altemauvely, 
modified-nuclcotide and/or backbone-mtxlined nucleic acid libraries comprising neutral or 
near-neutral nucleic acids may be used to maximize specific apuimer- target binding and 
minimize nonspecific adhesive forces among the sample, probe tip and mica substrate. 
30 To ensure more permanent attachment of the selected target (to either the AFM 

substrate or probe tip), e.g., to select a high affmitv nucleic acid-target complex requiring a 
large loading force for probe-induced dissociation, the target is covalenily immobilized. For 
example, primary amines can be ihiolated in a borate buffer (pH 8.0) using Traufs reagent 
(2-iminothiolane-HCl; Pierce Chemical Company. Rockford IL). After desaiung. the thiol- 
35 modified target is covalenUy bonded to a substrate comprising gold freshly evaporated on 
mica, opuonally using a nebulizer to spray the target onto the substrate. Altemauve 
substrates and immobilization protocols for achieN ing relaUNely homogenec^us distribution, 
stable attachment and desired coverage (i.e.. surface density) of different tvpes of molecules 
are known in the art 
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For singlc-molecule detection and single-molecule sequencing, the protocol is 
modified as follows. The sample librat^- comprises nucleic acds prepared with tluorescenUy 
tagged nucleotides comprising a 50-nucleoUde randomized sequence and a 50-nucleot.de 
fixed reaon (to facilitate imaging). Th>TOcalcitonin immobilization, nucleic acid binding, 

5 AFM scLining and nucleic acid extraction are performed as in the preceding paragraph, but 
the selected aiid dislodged nucleic acid is li^sferred with the probe tip to a microfuge tube 
containing 10 ;<1 of sequencing buffer and unloaded by reversing polanty of the up. The 
sequencing buffer containing the lluorescently tagged, isolated nucleic acid is then aspirated 
lo the now cell of a cN tometer capable of single-nuorophore detection, and the nucleic acid is 

10 suspended at 37 "C in the How stream. Tagged nucleotides are cleaved sequentially by 
exonuclease and identified by laser-induced fluorescence as they pass through the excitauon 
laser beam. 

For nucleic acid selection protocols relying on AFM probe-immobilized target, 
thvrocalcitonin is attached to the silicon niuide probe tip by passive adsorption in 10 mM, 
15 sodium phosphate buffer (pH 7.4). Alternatively, the probe surface is first modified with a 
silane couphng agent (e.g., 4.aminobutyldimethylmethoxxsilane; United Chemical 
Technoloeies. Bnstol PA). Thyrxxalcitonin is then coNalently attached using a 
homobifunctional crosslinker (e.g., glutaraldehyde) or heterobifunctional crosslinker (e.g., 
SULFO-SMCC or EDC; Pierce Chemical) or, optionally, site-directed attachment via the 
20 amine tenn.nus (e.g., b>' mild periodate oxidation) or the carboxyl terminus (e.g., . by 
reverse proteolysis in the presence of the dihydrazide of carbonic acid to produce a C- 
terminal hvdrazo group). Mica-coumerseleaed nucleic acid libraries are prepared and applied 
to freshlv cleaN-ed mica substrate as described in the preceding paragraphs. Scanning of the 
sample i's peribnned in a feedback mode until binding of nucleic acid to the tip-.mmobihzed 
25 thyrotropin is detected. The probe tip is then retracted from the substrate-targei surface, and 
the bound nucleic acid molecule is transferred cither to a microfuge tube containing PCR 
primers and enzv-mes (i.e., for amplification and sequencing) or. in the case of fiuorescenUy 
lagged nucleic acid, to a microfuge containing sequencing buffer (i.e.. for single-molecule 
sequenctntt). Alternatively, thyixKalcitonin-modified ti,>bound nucleic acids may be 
30 transferred, for single-molecule sequencing, direcUy to the tlow cell of a sequencing 
cviomcter appaiatus. 

To maximize imaging scnsiiivitv- for target-bound nucleic acids and to enhance 
discrimination between urget-bound nucleic acids and uncomplexed immobilized targets, 
nucleic acids mav be labeled with a detectable molecule (e.g., a protein or other 
35 macromoleculc), preferably a signal- generating species (e.g., an enzyme, nuorophore. 
polvmer dve, colloid, nanoparticle or microparticle). Ubeling may be accomplished dunng 
nucleic acid preparation, e.g.. by using labeled or modified nucleotides dunng nucleic acid 
s%-nthesis or bv post-sv-ntheuc conjugation or modification of the nucleic acid.- Alternatively, 
nucleic acids 'mav be labeled after they are applied to the SPM substrate, e.g.. using a 
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secondar> label (i.e., labeled binding partner) or dye such as an oligonucleoiide-enzyme. 
oligonuclcoiide-gold or oligonucleotide-lluor conjugaie, an oligonucleotide immobilized to a 
nanosphere or microsphere, a labeled anti-nucleic acid antibody or strepiavidin conjugate, an 
mtercalating dye or nucleic acid-binding substance. These labeling techniques can also be 
5 used to ma.ximize libiary screening efficiency. Target-bound nucleic acids can be detected by 
low resolution scanning of large imaging fields (e.g.. 1-10 square microns). High resolution 
scanning can then be. used to extract bound nucleic acids from complexes located at 
ccx)rdinates identified m gross scans. Altemauveiy. conxentional optical microscop> can be 
used for lou resolution detection of labeled nucleic acid-uirget complexes, e.g., using 
10 bnght-field, epi-Ouorescent or conlocal techniques. Having determined the position of a. 
target-bound nucleic acid by visualizing an attached label (e.g., a latex or colloidal gold 
pa^ude. dye or tluorophore) or a localized signal generated by an attached label (e.g.. an 
insoluble colored or lluorescem product of a reporter enzN-mej. the operator can then zoom 
to high resolution with the SPM probe for scanning and extraction of the bound nucleic acid., 
15 " In a particularly preferred embodiment of single-molecule aptamer selection, a 
selected target comprises or is labeled with a first effector molecule, preferabh a signal-* 
generating species, optionally an enzv-me or luminescent compound, more preferably a first 
fluorescent nanoparticle or microparticle having a first selected size, color or absorption or 
emission spectrxim or propeny, hereafter referred to as a first fiuorescent nanoparucle having 
20 a first spectral properts-. A mixture of nucleic acids is prepared or selected, preferably by- 
automated chemical synthesis or by enzymatic synthesis, amplificauon or transcription of a 
libran- comprising nucleic acids having a randomized sequence and at least one fixed 
nucleotide or nuclwtide sequence for conjugation, optionally comprising one or more fixed 
sequences for primer annealing and amplificauon. The nucleic acid mixture, preferabh a 
25 random-sequence library and hereafter referred to as such, is counierselecied against 
selection buffer comprising selected effector molecules, prelerabl> (first and second) 
fiuorescent nanoparticles or dyed micropanicles. Nucleic acids compnsing the random- 
sequence library are conjugated at a molar ratio of about 0.1-3.0 (molecules/ particle), more 
preferably about 0.3-1.0 (molecules/particle), to a second effector molecule, preferably a 
30 signal-generating species, opuonally an enz>-me or luminescent compound, more preferably 
a second fiuorescent nanoparticle or microparticle having a second selected size, color or 
absorpuon or emission spectrum or propertx- using a modified fixed-sequence nucleotide or 
fi.xed nucleotide, preferably a 3' or 5- terminal amino, thiol or carboxyl group, more 
preferably a 5' aminolinker-modified nucleotide. The selected target which is either itself an 
35 effector molecule (e.g.. an enzyme, fiuorophore. nanoparticle or dye polymer) or is 
conjugated to an effector molecule, herealter presumed to be conjugated to a second 
fiuorescent nanoparticle having a second spectral propert>. is incubated with the first 
fiuorescent nanopartide-conjugated. counterselected random-sequence library in selection 
buffer. Selection buffer conditions, panicle conjugation and blocking coiiditions and first 
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and second particle ratios are preselected to obviate nonspecific nanopanide-nanoparticie 
interactions, and complete mohodispersion pi' nanopanicles .s ensured by sonication 
immediately before aptamer selection. Optionally, the selection incubation is doped with 
unconjugat«l nanopanicles having a third and ad\ antageoush uhite. black, opaque, 
5 transparent, or translucent spectral property to control against nonspeciiic or spunous 
interaction between first and second fiuorescent nanopanicles. Individual aptamer-attached 
complexes comprising first and second Huorescent nanopanicles are selected by single- 
molecule detecuon. isolation and/or amplification methods known in the an, particularly 
using nuorescence microscopy and more particularly single-cell fiovv cytometry (e.g.. 
10 Lewm el al. ( 1992) Genomics yj:44-48; U et al. (1991) Methods: Comp. Meth. Enzymol. 
2:49-59; Mirsky eial. ( 1993) PCR Meth. Appl. 2:333-340; Patterson et al. ( 1993) Science 
260:976-979). A laser-based How cytometer equipped with a single-cell deposition device, 
lor example, is used to sort fiuore-scent nanopanicles and ist>late aptamer-attached doublet 
nanopanicle. complexes, preferably doublet complexes compnsing tunctionaily coupled 
15 donor and acceptor nuorescent nanopanicles. by multicolor tluorescence. adxantageoush- 
fluorescence energy transfer of funcuonally coupled nanopanicle complexes. Huoresceni- 
nanopanicles conjugated to nonsense oligonucleotide and to blocking protein (e.g.. casein) 
are used as internal standards (e.g., for calibration and gaung) and negauve controls. 
Biotinylated casein-conjugated fiubrescent donor nanopanicles (i.e.. firei nanopanicles) and 
20 sirepiavidin-conjugated acceptor nanopanicles (i.e., second nanopanicles) are used as 
positive controls for doublet nanopanicle complex fonnaiion and detection. To xalidate the 
selection procedure, positive controls are doped with negati% e controls at rauos ranging from 
10->6iol0l. 

Altematixely. methods described in the preceding paragraph are modified tor 
25 detection, isolation, amplification and/or sequencing using a combination of optical 
microscop>. optical trapping and^or SPM methods. Detecuon b> SPM, lor instance, is 
preferably achieNed using targets and nucleic acids conjugated to panicles differing in size, 
color and/or tluorescence. In a prefeired embodiment, the efficiency of nucleic acid library 
selection is enhanced by screemng multiple targets or target n arianw conjugated to different 
30 selected effector molecules, preferably a family of signal-generation species expressing 
variations in a selected type of detectable signal (e.g.. size, color, photon absorption or 
emission, enzN-me activity), advantageously nanopanicles and/or micTopanicles ^ai>ing m 
either size or color or Huorescent properties. In a particularly preferred embodiment, 
efficiency is further enhanced by screening multiple targets, each distinctly labeled by a first 
35 familv of signal-generating species (e.g.. nanopanicles and micropanicles of varying size) 
against multiple libranes of xarying design, preferably a specuiim of diserse libranes 
representing diffenng regions of chemical and sequence space, advantageously a diverse 
librarx- of chemically dixerse random-sequence nucleic acid libraries, w herein the libranes 
comprise random-sequence nucleic acids having fixed-sequence nucleotides or fixed- 
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position nucleoudes conjugated vo a second and optionaJl> a third or lourih or different 
family of signal-eeneraiion species expressing variations in a different npe of delectable 
signal, preferably nanoparticles and micropanicles varying, e.g.. in color or fluorescence. 

SPM imaging of binding events with molecular scale resolution is a potentially 
5 useful tool for high-throughpui screening of diverse mixtures of compounds, e.g.. 
combinatorial libraries. SPM provides a meihod of detecting a single binding event between 
a prospectix e ligand or receptor and a selected target, enabling elTicient librar>- consinieiion 
and screening. Once detected, a target-bound ligand or receptor can be ph>sically isolated 
from all other members of the librar>- or mixture. But for lack of a method to characterize. 
10 preferably idenufy, a single delected molecule (i.e., to determine its chemical composition 
and structure), molecular detection and isolation by SP.M uould enable screening and 
selection ol molecular libfaries, e.g.. combinatonai libraries, with unprecedented resoiuuon 
and elTiciencN . Houever. because a general meihod does noi yet exist lo precisel> and 
accurately chaiacienze mdix idual selected molecules (i.e.. to determine the chemical identity 
15 of a selected molecule), the potential of SPM for selecting and characterizing compounds, 
from chemical libraries has not been realized. 

Methods of the instant example enable not only the dciecuon of selected members 
comprising diverse mixtures of compounds. e.g., combinatorial libraries, but also structural 
characterization (i.e.. sequencing) and functional analysis (e.g.. detailed binding studies 
20 following large-scale synthesis) of selected nucleic acids. Unlike nonnucleoiide molecules, a 
single nucleic acid molecule selected from a mixture by SPM can be amplified and 
sequenced to determine its chemical identity. Also, because its possible to sequence single 
nucleic acid molecules, e.g.. using laser-induced fluorescence of tagged nucleotides (cf. 
E.\ample 14. vide supra), hybnd SPM-sequencing techniques can be used to screen, select 
25 and characienze molecules comprising nucleic acid libraries on a single-molecule scale. In 
other wonls. the combination of single-molecule detection (e.g., using AFM) and single- 
molecule sequencing (e.g.. using laser-induced Huorescence of dye-uigged nucleotides) 
provides a novel approach to detection, isolation and characterization of individual molecules 
from mixtures comprising synthetic nucleic acids, e.g.. nucleic acid libraries and parucularly 
30 highly diverse libraries of nucleic acids. This single-molecule selection and ideniification 
capability relies on single-molecule sequencing and/or single-molecule amplification of 
nucleic 'acids and therefore cannot be applied to libraries of nonnucleoude molecules (i.e.. 
unless compound-specific nucleotide codes are generated during synthesis or nonnudeoiides 
are conjugated to compound-specific oligonucleotide tags). 
35 Methods described herein for idenUfying and sequencing defined sequence 

segments comprising aptamers can also be applied, with modification, to the selection and 
sequencing of defined sequence segments comprising nucleotide ligands and nucleotide 
receptors, e.g., by screening and selection of nucleoude-encoded chemical libraries and/or 
nudeoude-eilcoded libraries comprising modified nucleoudes or nucleotide analogs. SPM- 
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based nucleic aod selection and sequencing methods described herein therefore enable the 
detection, selection, and identification, optionally including amplification, ot useful ligands 
and receptors from diverse mixtures of niJCleoiides, paniculariy libraries of nucleic acids 
comprising randomized sequences (i.e., for aptamer selection), libraries of nucleic acids 

5 compnsing modified nucleoudes or nucleoude analogs (i.e.. for selecuon of nucleoude 
ligands or nucleotide receptors), or libraries of molecules whose s>nthesis. composiuon or 
stmcture is coded by an associated nucleotide sequence (i.e.. nucleotide-encoded chemical 
libraries). The interaction of nucleotide ligands. nucleoude receptors and aptamers w,th 
selected target molecules may further be characterized b> uell known strucnire probing 

10 methods following amplificauon of defined sequence segments composing the selected 
nucleotides. 

Example 16: Aptamer selection by molecular proximity 

Light microscopy (e.g., conlocal, nuorescent and bright-field), How cytometiy. 
15 (e.g., nuorescence activated sorting), proximal probe techniques (e.g., AFM. STM, SFM. 
SECM) and/or optical trapping and manipulaiion (e.g.. laser scanning, force fields and 
optical tvxeezers) can be used to tliscriminate two macromolecules, conjugates or particles 
attached bv a nucleic acid from corresponding uncomplexed macromolecules, conjugates or 
particles. In a simple case, a first macromolecule or particle is conjugated to fixed sequences 
20 (or nucleoudes) of nucleic acids compnsing a randomized sequence librar>. SPM is then 
used to detect paired molecules resulting from a randomized sequence (i.e., aptamer) 
binding to a macromolecular larget molecule or a target-macromolecule conjugate. For 
example, human semm albumin is conjugated to the amino-modified 5 termini of 36mer 
RNAs compnsins a librar^• haMng 30-nucleotide randomized sequences. The libraiy is then 
25 incubated with 'the target mdeaile HRP. The HRP-album.n complex is detected 
topographically by AFM, followed by amplification and/or sequencing of the complex- 
forming aptamer by methods described elsewhere herein (cf. Example 15. vide supra). Off- 
line amplification is accomplished bv- loading force-mediated aptamer extracuon and transfer 
to a microfuge nibe compnsing primer(s) and enzymes m amplification buffer. On-site 
30 amplificauon is perfonned using in situ hybndization (e.g., Patterson et al. (1993) Science 
260:976-979). opuonally using degenerate oligonucleotide primers and/or primer extension. 
Thermal cvcling (e.g.. using PGR or LCR) or isothermal amplificauon (e.g., 3SR or CPR) 
mav be used. Alternatively, the selected aptamer may be sequenced in situ by SPM 
(proMded adequate resolution can be achie^•ed) or, preferably, transferred to a single- 
35 molecule sequencing apparatus (e.g., a laser-driven nucleoude Huorescence detector). 
Aptamers or s>-ntheuc heteropoh-mers comprising the selected sequence are then produced 
by large-scale enz>maiic or chemical synthesis (e.g., using PGR or and automated DNA 
svnthesizer). 
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ImproNcd detection can be achieved using a uniform nanoparticle (e.g., 20 nm 
latex or colloidal gold) in place ol" albumin to amplify the topographical signal. In this case, 
the target molecule is preferably also conjugated so that nucleic acid and target species are of 
similar size (i.e., tor maximal discrimination of paired vs. unpaired molecules). Buffer and 
5 blocking condiuons are optimized to obviate nonspecific panicle and protein interactions. 
Counterselection is peiformed using the conjugated molecule(s) and/or panicle(s) and 
buffer. In a variation of this molecular proximity selection method, a selected aptamer 
assembles two molecules or particles by hybridizing to one and specifically binding the 
other. The target is conjugated, e.g., to ferritin (i.e.. a high molecular weight protein or 
10 polymer; alternatives include purified KLH or dextian). The nucleic aad library is 
sv-nthesized u ith a fixed sequence capable of hybridizing to an olieonucleoudc conjugated to 
a 20 nm uniform nanosphere. Nanosphere-binding and ferriiin-binding nucleic acids are 
removed by counterselection. Libran. -target binding is performed in solution, and 
nanosphere-conjugated oligonudeoude is added prior to AFM imaging. Nanosphere-- 
15 conjugated oligonucleotide hybridization to fixed sequences \ields nucleic acid-hybridized^ 
nanospheres and nanosphere-apiamer-HRP-ferritin complexes. The nanosphere-aptamer- 
HRP-ferritin complex is discriminated topographically from nucleic acid-hybridized 
nanospheres and ferriun-HRP conjugates by AFM. and aptamers are isolated and sequenced 
as per E\ample 15 (vide supra). 
20 Using selected molecules as reporters for single-molecule detection, proximity- 

based methtxls can be used to select and isolate one or more aptamers based upon user- 
defined selection critena or thresholds. For example, by vanmg the size, density and/or 
suri"ace charge of the reporters conjugated to target molecules and nucleic acids composing a 
random-sequence libran,-. an alliniiN threshold or set point can be established to select an 
25 individual aptamer or group of aptamers with desired binding strength. The aptamer binding 
strength required to assemble two nanospheres (i.e^, larget-nanosphere and aptamer- 
nanosphere conjugates) and remain bound throughout selection, detection and isolation steps 
increases e.\ponentially with particle diameter. Affinity set points spanning more than four 
orders of magninide can be established using as reporters uniform latex nanospheres having 
30 panicle diameters ranging from 10-300 nm. 

To select an aptamer with high affinity for the enzyme AP. a large-scale library is 
prepared comprising 90mer RNA molecules having 30-nucleotide fixed hybridization 
sequences and 60-nucleotide randomized sequences. The 30-nucleotide fixed sequence is 
complementary to a 30mer oligonucleotide immobilized to each of Uiree batches ol" 
35 lluotesceni red carboxylate-modified polystyrene nanospheres varying in particle diameter 
(20 nm, 50 nm and 100 nm). AP is conjugated to a first 32mer oligonucleotide 
complemeniaiy to a second 32mer oligonucleotide that is immobilized to each of three 
different batches ti.e.. 20 nm, 50 nm and 100 nm panicle diameter) of llaorescent green 
carboxylate-modified pdysiyrene nanospheres using a water-soluble carbodiimide. 
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Nanospheres are thoroughly sonicated immediatelN before use and surface charge, 
immobilization protocol, blocking, concenirauon. and buffer condiiions are opumized to 
obviate nonspeafic particle-panicle inieraciions. as determined by conJocal tluorescence 
microscopy. The random-sequence libran; is countersclected against the different 
5 nanospheres and immobilized oligonucleotide preparations, and the mixture comprising 
surv iving RNA molecules is incubated «iih the AP-oligonucleoiide conjugate, .\l.quois ol 
the AP-oligonucleotide plus RNA mixture are pipetted into nine reaction xessels, and a 
complcmenian- set of capture nanospheres is added to each n essel in a checkerboard design 
(i.e.. one red RNA-reponer plus one green AP-reporter panicle set per vessel; 3x3=9 
10 panicle diameter combmauons). Confocal fluorescence microscopy is used to idemify red- 
green particle complexes. AFM is used for proximity-based detection and isolation of 
aptamer-AP-attached panicle complexes from each vessel, lndi^•idual tighi-binding. aptamer- 
linked complexes are selected as those remaining intact. with AFM extraction under probe- 
induced loading forces in *>.e 10-«-l0-5 ncwion range. To explore diNerse nucleic acid 
15 libranes for higher affinitN" aptamers. randomized sequence lengths can be increased to 100.^ 
150 or 200 nucleotides, optionally even more than 200 nucleotides, preferablv by ligating 
two or more nucleic acids comprising less than abt>ut 100 nucleotides each. 

A parallel experimental design is applied at fi.xed panicle size (20 nm red and green 
nuoresceni nanospheres. as per the preceding paragraph) using carboxylaie modified latex 
20 panicles of vaning surface charge and parking area. The ^epulsl^ e force of negatne suri^ace 
charge on paired particle sets (i.e.. red plus green nuoresccnt sets) is titrated against a 
random-sequence RNA library^ to select for individual aptamers with high AP- 
oligonucleoiide binding strength. The influence of panicle densitv^ is in>esugated using 
submiciDn diameter glass beads, silanized iron ox.de panicles and stabilized liposomal 
25 vesicles with polystyrene nanospheres as reference. 

Alternative apiamer selection parametere include the macromolecular size, ueight 
and densitN- of selected molecules used as signal-generating species tor single-molecule 
detection (c.g.. n ia STM, AFM, laser scanning and optical trapping). These properties can 
be detected optically, topographically, or by changes in Imding or discharge force 
30 accompanying association, dissociation or exiracuon of a selected uirgei or target-apiamer 
complex bv SPM or optical trapping methods, e.g., AFM or SPEC. In a prefened mode of 
operation, molecular proximity is used as a selection criterion detectable by the funcuonal 
coupling (e.g.. enzyme channeling, nuoresccnce energy transfer) resulting from aptamer- 
induced assembly of First and second selected molecules comprising a donor-accepior pair. 
35 Altemati%e embodiments of aptamer selection by molecular proximity rely on 

different methods for co\aleni, pseuddneversible or specific binding of a first selected 
molecule, conjugate or particle to a first fi.xed sequence or nucleoude of nucleic acids 
comprising a random-sequence library. Binding of the second, randomized- sequence to a 
second selected molecule (i.e.. the selected target, optionally a conjugated selected target) 
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results in assembly ol a complex composing ai least three molecules (i.e., first and second 
selected molecules attached b> the selected aptamer). CoxaJeni attachment is preteraWy 
directed to a fixed 3' or 5' nucleotide and/or spacer sequence, preferably an amino-modified 
nucleotide, using a hetfirobiluncuonal crosslinker (e.g., SMCC, MBS. SPDP or the 
5 corresponding xvater-soluble sulfo^rosslinker). Specific binding of a first selected molecule 
to first fixed sequence or nucleotide may be accomplished, e.g.. using an existing aptameric 
defined sequence segment specific for the first selected molecule, opuonally a conjugate 
comprising the selected molecule. Alternatively, anti-digoxigenin/digoxigenin. nucleotide 
ligands or nucleotide receptors may be used. PseudoirreN ersibic binding may be achieved 
1 0 using avidin-biotin. streptaMdin-bioiin or hybridizauon of an oligonucleotide conjugate. 

It will be apparent on reading the instant disclosure that an aptamcnc nucleic acid 
selected and charactenzed by molecular proximity of attached selected molecules comprises a 
svnthetic heteropoh-mer. That is, the selected and identified aptamcr comprises a fii^t 
defined sequence segment capable of specifically binding a first selected molecule and * 
15 second defined sequence segment capable of specifically binding, hybridizing or con alenUy 
posiuoning a second selected molecule for detection. .Methods described in the insuuit 
example therefore exploit the useful molecular positioning properties of s>niheuc 
heteropolymers as a selection criterion for detection, isolauon and identification of individual 
aptamers. 

20 , 
Example 17: Aptamer selection by single-molecule detection of functional 
coupling between donor and acceptor pairs assembled by random-sequence 
nucleotides 

The deiectability of two attached selected molecules, preferably two ettecior 
25 molecules, more preferably two signal-generating molecules and optionally two functionally 
coupled signal-aeneraiing species, provides a useful tool for selecting defined sequence 
segments, nucleoude ligands and nucleotide receptors for the abilitv- to specificalh recognize 
one or both of the selected molecules. 

MOLECULAR MACHINES of the instant invention can pcrtorm useful w ork that 
30 depends on nucleotide-dependent molecular positioning of selected molecules, paniculariy 
ligands. receptors and effector molecules. Nucleotide-dependent molecular positioning 
provides a general approach for attaching t%vo or more selected molecules to a nucleotide 
scaffold or template, in preferred aspects of the invenuon. nucleotide-dependent molecular 
positioning resulLs in functional coupling between two selected molecules to generate an 
35 output which depends on the proximity of the selected molecules. For example, in a 
multimolccular transducer comprising the donor and acceptor fluorophores R-PE and R-PC 
bound to neiahboring defined sequence segments of a s>-nthetic heteropolymer. energy is 
transferred from donor (R-PE) to acceptor (R-PC) on excitation with an argon-ion laser. 



-."DCIO <WO 9960169A1 J.» 



wo 99/60169 



PCT/US99/n215 



- 256 - 

Allemali^ elN a highlv diverse mixture of nucleic acids (e.g., a librar>- comprising 
,013 to lOii 60mer RNA molecules) can be selected for individual RNA molecules capable 
of bmdine both a donor and an acceptor nuorophore using fluorescence microscopy with 
.uiiable excitation and emission filter sets. The practicality of selecting for a single RNA 

5 molecule capable of binding both donor and acceptor nuorophores is limited, however, by 
luo constraints. First, the bound lluorophores must produce a suffiaently intense signal to 
enable detection of a single donor-acceptor pair. Fluorescent nanospheres and 
supramolecular light harN-esting structures are useful in this regard. Second, the diversity of 
an RNA libmI^• must be sufficiently diverse to express at least one RNA molecule capable of 

10 binding both the donor and the acceptor Huorophore. If only one RNA molecule in IQiO has 
a useful affinitv for a selected target molecule (i.e., a target comprising or attached to a 
donor tluorophore,, then only about one in lO^O RNA molecules (i.e., 10-«0 x lO" 
molecules) .s likeK to bind both of two selected molecules (e.g., a donor and acceptor 
Huorophore) required lor detecuon b>- functional coupling (i.e., fluorescence energy . 

15 transfer). An RNA libr^" comprising even id^ or 10>6 members is therefore highly^ 
unlikely to conuin even a single member capable of binding both the donor and the acceptor 

tluorophore. . „ 

Methods described herein address both the deteciabilit> and diversity challenges 
that must be overcome to select an individual nucleic acid molecule for its abilit>' to connect 
20 two signal-generating species, thus rendering them detectable. Single-molecule detectabih^^ 
is achieved bv either using at least two highly intense signal-generaung species as selected 
targets, bv conjugaung at least one selected target to a highly detectable signal-generaung 
species or, more preferably, conjugating approximately each member ol' a diverse nucleK: 
acid mixture to a highlv detectable signal-generating species either covalently, by high- 
25 affinitv specific binding (e.g.. using streptavidin/biotin or anti-digoxigenin/digoxigemn) or 
by pseudoirreversible attachment (e.g.. hybridization of an oligonucleotide/signal-generaung 
species conjugate). 

DiversitN- is addressed by attaching a first signal-generaung species to 
approximaielv each member of the diverse nucleic acid mixture, e.g., by synthesizing each 
30 member of the mixmre with a fixed modified nucleotide or defined sequence segment known 
to specificallv bind the first signal-generating speaes (or a conjugate compnsing the first 
signal-generaung species) or by covalenUy attaching, specifically bindmg, or 
pseudoirreversiblv attaching (e.g., hybridizing) the first signal-generanng species to 
approximatelv each member ofihe nucleic acid mixture. Attachment may be achieved, e.g., 
35 usine a covalem crosslinking reagent, anti-digoxigenin/digoxigemn. streptavidinA,ioim, or a 
hvbridizable oligonucleotide-effector conjugate. In this way. the probability of idenufymg a 
member of the nucleic acid mixnire capable of connecting the two signal-generaung 
molecules is increased to approximately the likelihood of identifying a single RNA molecule 
capable of binding a single target molecule. 
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Screening and selection of u libran composing member nucleotides conjugated to 
a l.rst (donor or acceptor) signai-generaung species for binding lo a second (donor or 
acceptor) s.gnal-generatmg species is preferably accomplished by single-molecule detecuon, 
chaiactcnzation. sequencing and/or amplification as described elsewhere herem (e.g.. 
5 Example 16. vide supra). Prior to conjugauon of random-sequence nucleoudes compnsmg 
the libran' to a first (donor or acceptor) signal- generating species, the library- is preselected 
or countciselecied against the signal-generating species to remove unwanted random- 

sequence nucleic acids. 

AS an example of library- selecUon by functional coupling bet^^een a conjugated 
10 donor and an apiamer-bound acceptor, random-sequence nucleotides are biotmylated and 
labeled with an RTC-sireptavid.n conjugate. R-PE-bound HTC-streptavidin-conjugated 
aptamers are then selected, optionally idlowlng column chromaiographN . by single- 
molecule detection of tightly coupled complexes, i.e.. complexes having intense R-PE 
nuorescence (i.e.. at about 575 nm) and lacking the characteristic lluorescein emission ( 1 .e.. . 
15 at 515-520 nm). As will be apparent to the skilled artisan on reading the instant example, ^ 
donor or acceptor signal-generating species (i.e., oxidoreductases, fiuorophores, 
luminescent compounds) can be conjugated to fixed nucleoudes or fixed sequences of 
nucleotides comprising a diveise libraiy by attachment methods known in the art, e.g.. 
hvbridizauon of an digonucleotide-effector conjugate, covalent conjugauon using 
20 hetcrobifuncticnal crosslinkers, specific binding of labeled ligands or receptors (e.g., 
labeled anti-digoxiaenin or avidin), incorporation of tagged nucleotides dunng nucleoude 
svTithesis, chelauon lo metals comprising modified nucleotides, intercalation ol dyes and/or 
tluorophores wuhin duplex regions of partially or fully double-stranded nucleotides, 

enzvmaiic labeling, and the like. 
25 ' For purposes of clarity of understanding, the foregoing inxention has been 

described in some detail by way of illustration and example in conjunction «ith specific 

embodiments, alUiough other aspects, advantages, modes of operation and modificauons 

will be appareni to those skilled in the art to which the invention pertains. The foregoing 

description and examples are intended to illustrate, but not limit, the scope of the invenuon. 
30 Modifications of the above-described modes for cairying out the im enuon that are apparem 

to pei^ons of skill in nucleic acid chem.strv. molecular biology, biomedical research. 

vetennarv. agncultunil and environmental sciences, clinical medicine, diagnostics. 

pharmaceuticals, drug delivery, combinatorial chemistrN-, infomiatics. nanotechnolpgy. 

materials saence. semiconductors, micromachining, optics, electronics, immunology. 
35 clinical chemistrx. electrochemistry, enzymology, Huorescence, luminescence, sensors. 

transducers, actuators, microelectromechanical systems, nanoelectromechanical systems. 

'insinimentation and related fields are intended to be within the scope of the invenuon. which 

is limited only by the appended claims. 
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All publications and patent applications cited m this specilicaiion are indicative of 
ihe level ot skill of those skilled in the an to which this invention penains and are herein 
.ncorporated bv reference to the same extent as if each indi^•.dual publicauon or patent 
application was specifically and individually indicated to be incorporated by reJerence. 
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What is Claimed is: 

1 . A s\ nihetic heieropol\'mer comprising: 

a nrei synthetic defined sequence segment capable of specifically recognizing and 
co\ alenily attaching a first seleaed nonoligonucleotide molecule: and 
5 a second defined sequence segment attached to the first sxnthetic defined sequence 

segment with the proviso that the second defined sequence segment is not a fixed, 
unconjugated primer-annealing sequence. 

2. The synthetic heteropoiymer of claim 1 wherein the first s>ntheiic defined 
10 sequence segment is attached to the second defined sequence segment \ ia a nucleotide 

spacer. 

3. The s\ nthetic hetcrt>polymer of claim I wherein the first synthetic defined 
sequence segment is attached to the second defined sequence segment via a nonnucleotid» 

15 linker. 

4. The synthetic heteropoiymer of claim 1 wherein the first selected 
nonoligonucieoude molecule comprises a specific binding panner of the first synthetic 
defined sequence segment. 

20 

5. The synthetic heteropoiymer of claim I wherein the first selected 
nonoligonucleotide molecule comprises a specifically attractive suilace feanuc. 

6. The synthetic heteropoiymer of claim 1 wherein the second defined sequence 
25 segment is capable of specifically recognizing a second selected nonoligonucleotide molecule 

or a selected nucleic acid sequence. 

7. The s>-nthetic heteropoiymer of claim 6 wherein the second selected 
nonoligonucleotide molecule comprises a specific binding panner of the second defined 

30 sequence segment. 

8. The s\ntheuc heteropoiymer of claim 6 wherein the second selected 
nonoligonucleotide molecule comprises a specifically attractive surface feature. 

35 9. The s>T«heiic heteropoiymer of claim I wherein the second defined sequence 

segment is capable of hybridizing to a selected nucleic acid sequence. 

10. The s>-nthetic heteropoiymer of claim 1 wherein the second defined sequence 
segment is a conjugated defined sequence segment. 
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11. A muliimolecular transducer compnsing the s>-mhetic heteropolymer of claim 



1, 



5 1 2. A muliimolecular switch comprising the synthetic heteropolymer of claim I . 

13. A mulumolecular sensor comprising the synthetic heieropol>-mer of claim 1 . 

14. A muliimolecular delivery system comprising the synthetic heteropolymer of 

10 claim 1. 

15. A muliivaleni mui timoleeuiar structure compnsmg a multivalem imprim of the 
synthetic heteropohiner of claim 1 . 

15 16. The multivalent muliimolecular structure of claim 15 wherein the multivalent^ 

imiMint is an idiot>T3ic mimetic. 

17. The multivalem muliimolecular sinicture of claim 15 wherein the multivalem 
imprint is an aniiidiotypic imprini. 

,20 . 

18. A heieropolvmeric discrete structure compnsing a syntheuc apiamer and a 

defined sequence segment attached to the svntheiic aptamer u .th the proviso that the defined 
sequence segment is not a fixed, unconjugated pnmer-annealing sequence or a ribozyme. 

25 19 The heteropoK-meric discrete su^cture of claim 18 wherein the defined 

sequence segmem comprises an aptamer, a nucleotide sequence which specifically binds or 
hybridizes to a selected nucleic acid sequence, or a conjugated defined sequence segment. 

20. The heieropolymeric discrete stnicture of claim 18 wherein the s> ntheuc 
3 0 aptamer comprises a shape-specific recognition element 

21. The heteropolymenc discrete stnicture of claim 18 wherein the defined 
sequence segment is attached to the svTithetic aptamer via a nucleoude spacer. 



35 



22. The heteiopoK-meric discrete stnicture of claim 18 wherein the defined 
sequence segment is attached to the s> niheuc aptamer via a nonnucleoiide linker. 

23. A muliimolecular transducer comprising ihe heteiopoK-meric discrete 
Structure of claim 18. 
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24. A muliimoiecular switch comprising the heieropohmeric discrete structure of 
claim 18. 

5 25. A multimolecular sensor comprising the heteropolNmeric discrete structure of 

claim 18. 

26. A multimolecular deliver\^ system comprising the heieropolymenc discrete 
structure of claim 18. 

10 

27. A multivaleni multimolecular structure comprismg a multivalent imprint of the 

28. The muluvalent muliimoiecular sinicnire crt" claim 27 wherein the muliivalent. 
15 imprint is an idiotypic mimetic. , . 

29. The multivalent multimolecular structure of claim 27 wherein the muluvalent 
imprint is an antiidiot>-pic imprint 

20 30. A molecular adsorbent compnsing a solid phase and a multivalent template 

comprismg a first specific recognition element specifically attached via. the first specific 
recogmtion element to the solid phase wherein the solid phase comprises an amphibious or 
.specifically attractive surface. 

25 31. The molecular adsorbent of claim 30 wherein the muluvalent template further 

comprises at least a second specific recognition element capable of specifically recognizing a 
selected nonoligonucleotide molecule. 

32. The molecular adsorbent of claim 30 wherein the muluvalent template further 
30 comprises at least a second specific recognition element capable oi' specifically hybridizing a 

selected nucleic acid sequence. 

33. A multimolecular adherent comprising a specific recognition element and a 
first selected molecule attached to the specific recognition element wherein the specific 

35 recognition elemem specifically attaches via specific binding or shape-specific recognition 
the first selected molecule to a second selected molecule of an amphibious or specifically 
attractive surt'ace. 
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34. The mulumolecular adherent of claim 33 wherein the second selected 
molecule comprises a specific binding partner of the specific recognition element. 

35. The muliimolecular adherent of claim 33 wherein the second selected 
5 molecule comprises a specifically attractive surface feature. 

36. A multimolecular adhesive comprising at least two specific recognition 
elements capable of specifically attaching and joining at least two surfaces w herein at least 
one of the specific recognition elements specifically recognizes an amphibious or speaficall y 

10 attractive surlace. 

37. The muliimolecular adhesive of claim 36 w herein at least one of the specific 
recognition elements specificalh binds to a selected molecule of an amphibious surface. 

15 38. The multimolecular adhesive of claim 36 wherein at least one of the specific 

recognition elements specifically recognizes a surface feature of a specifically attractive 
surface. 

39. The multimolecular adhesive of claim 36 wherein at least one of the specific 
20 recogniuon elements hybridizes to a nucleic acid sequence immobilized to the amphibious or 

specifically atiracUve surface. 

40. A multivalent heteropolymeric hybrid structure com,prising a first syntheuc 
heieropolymer hybridizably linked to a second s>ntheuc heieropolymer wherein each 

25 symhedc heteropol>-mer comprises at least two defined sequence segments and at least one 
defined sequence segment of the first syntheuc heteropolymer specificall> recognizes a 
selected nonoiigcmucleotide molecule. 

41. The multivalent heteropolymeric hybrid structure of claim 40 wherein the 
30 selected nonoligonucleotide molecule compnses a specific binding partner of the at least one 

defined sequence segment of the first synthetic heteropoKmer . 

42. The multi\alent heteropolymeric hybrid structure of claim 40 wherein the 
selected nonoligonucleotide molecule comprise a specifically attractive surface feature 

35 specifically recognized b>- the at least one defined sequence segment of the first sv-nthetic 
heteropolymer. 
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43. The muliivaleni heieropolymeric hybrid structure of claim 40 u herein at least 
one defined sequence segment of the second synthetic heieropolymer specifically recognizes 
a second selected nonoligonucleoiide molecule. 

5 44. The multivalent heteropolymeric hybrid structure of claim 43 wherein the 

second selected nonoligonucleoiide molecule comprises a specific binding partner of the at 
least one defined sequence segment of the second synthetic heieropolymer 

45. The multivalent heteropolymeric hybrid structure of claim 43 wherein the 
10 second selected nonoligonucleoiide molecule comprises a specifically attractive suri'ace 

ieaiure specificalh recognized by the at least one defined sequence segment of the second 
synthetic hcieropol\-mer. 

46. The multivalent heteropolymenc hybrid su^cture of claim 40 wherein at least' 
15 one defined sequence segment of the second sv-nlhcuc heieropolymer specifically binds a. 

selected nucleic acid sequence. 

47. The multivalent heteropolymeric hybrid structure of claim 40 wherein the at 
least two defined sequence segments of the second synthetic heieropolymer hybridize to 

20 selected nucleic acid sequences. 

48. The multivalent heteropolymenc hybrid structure of claim 40 wherein at least 
one defined sequence segment of the second synthetic heteropolviner composes a conjugated 
defined sequence segment. 

25 

49. A multimolecular transducer comprising the multiNalent heteropolymeric 
hybrid structure of claim 40. 

50. A multimolecular switch comprising the multi\alent heteropolymeric hybrid 
30 structure of claim 40. 

51. A multimolecular sensor comprising the multi\alent heteropolymeric hybrid 
structure of claim 40. 

35 52. A multimolecular deliverv- system comprising the multivalent heteropolymeric 

hybrid structure of claim 40. 

53 . A multivalent multimolecular structure comprising a multivalent imprint of the 
multivalent heieropoUmeric hybrid structure of claim 40. 
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54. The multivalent multimolecular structure of claim 53 wherein the multivalent 
imprint is an idiotypic mimetic. 

5 55. The multivalent multimolecular structure of claim 53 wherem the multivalent 

imprint is an antiidiotypic imprint. 

56. An apuuneric multimolecular device comprising a nonaptamenc specific 
recognition pair and a syntheuc aptamer which specifically binds or shape-.specifically 

1 0 recognizes an aptamer target wherem a member of the nonaptamenc specific recognition pair 
IS conjugated to the aptamer to form a conjugated aptamer. 

57. The aptameric mulumolecular device of claim. 56 wherein the conjugated 
aptamer is capable of positioning the aptamer target for functional coupling with a member of 

15 the nonaptameric specific recognition pair, 

58. The aptameric multimolecular device of claim 56 wherein the conjugated 
aptamer or the aptamer target further comprises an effector molecule. 

20 59. The aptameric multimolecular device of claim 56 Wherein the nonaptamenc 

specific recognition pair comprises a nucleotide ligand or nucleotide receptor. 

4 

60. The aptameric mullimolecular device of claim 56 wherein the apiamer target 
comprises a surface feature of a specifically aitraciive suri*ace. 

61 . A multimolecular u^sducer comprising the aptamenc multimolecular dex ice 
of claim 56. 

62. A mulumolecular switch comprising the aptamenc multimolecular device of 
30 claim 56. 

63. A mullimolecular sensor comprising the aptameric multimolecular device of 
claim 56. 

35 64. A multimolecular delivery system comprising the aptameric multimolecular 

de^■ice of claim 56. 

65. A multivalent mulumolecular structure compnsmg a multivalent impnnt of the 
aptameric multimolecular device of claim 56. 
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66. The muluvalent muliimolecular siniciure of claim 65 wherein the multivalent 
imprint is an idiot>pic mimetic. 

5 67. The multivalent multimolecular structure of claim 65 wherein the multivalent 

imprint is an antiidiotypic imprint 

68. A tethered specific recognition device comprising a molecular scaffold and at 
least two members of a specific binding pair or shape-specific recognition pair wherein the 

10 members of the specific binding pair or shape-specific recognition pair are covalcnUy or 
pseudoirreversibly attached to the molecular scaffold. 

69. The tethered specific recogniuon de;vice of claim 68 w herem the at least two 
members of the specific binding pair or shape-specific recognition pair are specifically and • 

15 directly attached to each other. 

70. The tethered specific recognition device of claim 68 wherein at least one 
member of the specific binding pair or shape-specific recogniuon pair comprises an effector 
molecule. 

20 

71. The tethered specific recognition device of claim 68 wherem the molecular 
scaffold comprises a nonnudeotide molecule. 

72. The tethered specific recognition device of claim 68 wherein the molecular 
25 scaffold comprises a replicatable nucleotide. 

73. The teihered specific recognition device of claim 68 wherein at least one 
member of the specific binding pair or shape-specific recognition pair comprises an apuuner. 

30 74. A tethered specific recognition device comprising a molecular scaffold and at 

least four members of at least two specific recognition pairs wherein each member is 
covalenUy or pseudoirreversibly attached to the molecular scaffold. 

75. The tethered specific recognition device of claim 74 wherein at least one of 
35 the two specific recognition pairs comprises a specific binding pair. 

76. The tethered specific recognition device of claim 74 wherein at least one of 
the two specific recogniuon pairs comprises a shape-specific recognition pair,. 
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77. The lethered specific recognition device of claim 74 wherein ai least one of 
ihe two specific recognition pairs compnses hybridizable selected nucleic acid sequences. 

78. The tethered specific recognition device of claim 74 \\ herein specific 
5 attachment of the two members of one specific recognition pair precludes specific attachment 

of the two members of another specific recognition pair. 

79. A paired specific recognition device comprising a nucleoude-based molecular 
scaffold and at least two different specific recognition pairs conjugated lo the molecular 

1 0 scalfold wherein at least one specific recognition pair is capable of specific binding or shape- 
specific recognition. 

80. The paired specific recognition device of claim 79 wherein the molecular 
scaffold is capable of positioning the at least two specific recogniuon pairs for functional. 

1 5 coupling between at least two members of the at least two specific recognition pairs. 

81. The paired specific recognition device of claim 79 wherein at least one 
member of one of the at least two specific recognition pairs comprises an effector molecule. 

20 82. The paired specific recogniuon device of claim 79 wherein the molecular 

scaffold further comprises a nonnucleotide molecule. 

83. The paired specific recognition device of claim 79 wherein the molecular 
scaffold comprises a replicatable nucleotide. 

25 

84. The paired specific recognition device of claim 79 wherein at least one 
member of the at least two specific recognition pairs comprises an aptamer. 

85. The paired specific recognition device of claim 79 wherem at least one 
30 member of the t\vo specific recognition pairs is specifically and directly attached to us 

specific recognition partner. 

86. A multimolecular transducer comprising the paired specific recognition device 
of claim 79. 

35 

87. A multimolecular switch comprising the paired specific recogniuon device ol 
claim 79. 
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88. A mulumolecular sensor comprising the paired specific recognition de^ ice of 
claim 79. 

89. A mulumolecular deliverv- system comprising the paired specific recognition 
5 device of claim 79. 

90. A multivalent mulumolecular suaicture comprising a multivalent imprint of the 
paired specific recognition device of claim 79. 

10 91. The multivalent mulumolecular strucmre of claim 90 wherein the muUivaleni 

imprint is an idioi>pic mimetic. 

92. The multivalent multimolecular structure of claim 90 wherein the multivalent 

* 

imprint is an antiidiorN'iHC imprint. 

93. A nonapumieric multimolecular device comprising a conjugated defined* 
sequence segmem and at least two differem specific binding pairs or shape-specific 
recognition pairs wherein one member of each specific binding pair or shape-specific 
recognition pair is conjugated to the conjugated defined sequence segment 

94. The nonaptameric multimolecular device of claim 93 wherein the conjugated 
defined sequence segment is capable of positioning the specific binding pairs or shape- 
specific recognition pairs for functional coupling between at least two members of the 
specific binding pairs or shape-specific recognition pairs. 

95. The nonaptameric multimolecular device of claim 93 wherein the conjugated 
member of at least one of the specific binding pairs or shape-specific recognition pairs 
conprises a modified nucleotide. 

30 96. The nonaptameric multimolecular device of claim 93 wherein the conjugated 

member of at least one of Uie specific binding pairs or shape-specific recognition pairs 
comprises a nucleotide ligand or nucleotide receptor. 

97. A multimolecular transducer comprising the nonaptameric multimolecular 
35 device of claim 93. 

98. A multimolecular switch comprising the nonaptameric multimolecular device 
of claim 93. 
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99. A muliimolecular sensor comprising ihe nonaptamenc mulumolecular device 
of claim 93. 

lOG. A mulumolecular deliverv' system comprising the nonapiameric 
5 muliimolecular device of claim 93. 

101 . A multivalent mulumolecular structure comprising a multivaleni imprint of the 
nonapiameric muliimolecular device of claim 93. 

10 102. The multivalent muliimolecular structure of claim 101 wherein the muUivaleni 

imprint is an idiot\pic mimetic. 

103 . The multivaleni muliimolecular stmcture of claim 101 wherein the multivalent 
imprint is an anii idiotypic imprint. 

15 . • 

104. A shape-specific probe comprising a nudeotide-based or nonnucleoude 

. recognition element capable of recognizing a specifically atiracii% e suiface feature. 

105. The shape-specific probe of claim 104 wherein the recognition element 
20 comprises an aptamer. 

106. The shape-specific probe of claim 104 wherein the recognition element 
comprises a nucleotide ligand or nucleotide receptor. 

25 107. The shape-specific probe of claim 104 wherein the recognition element 

comprises a selectable nonoligonucleotide molecule. 

108. A muliimolecular suiicturecomprising -ihe shape-specific probe of claim 104. 

30 109. A multivalent imprint of a muliimolecular sirucnire compnsing ai least two 

specific recogniuon elements imprinted from the mulumolecular structure. 

110. The multivalent imprint of claim 109 wherein the imprinted specific 
recognition elements from the multimblecular stmcture mimic the at least two specific 
3 5 recognition elements of ihe muliimolecular structure. 

HI. The multivalent imprint of claim 109 wherein the imprinted specific 
recognition elements from the muliimolecular structure are capable of specifically 
recognizing the at least two specific recognition elements of the muliimolecular structure. 
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112. A paired nucleotide-nonnucleotide mapping libran" comprising a plurality of 
selected specific recogniuon partners capable of transposing a selected population ol' selected 
nonoligonucleoiide molecules into replicatable nucleotide sequences. 

113. A method for selecting a single syntheuc nucleotide molecule capable of 
recognizing a labeled or unlabeled selected target molecule comprising detecting a signal 
resulting from the proximiiv' or functional coupUng between the single synthetic nucleotide 
and the selected target molecule. 

1 14. The method of claim 1 13 wherein the single synthetic nucleotide is selected 
from a nucleotide library. 



1 15. The method of claim 1 13 wherein the single synthetic nucleotide molecule- 
15 comprises a molecule selected from the group consisting of an aptamer. a ribozyme, a^ 

catalxnic nucleotide, a catalytic DNA molecule, a nucleotide catalyst, a nucleotide ligand and 
a nucleotide receptor. 

116. The method of claim 113 wherein the single synthetic nucleotide molecule 
20 comprises an aptamer that specifically recognizes the selected target molecule and is capable 

of forming a single discrete stniaure comprising the aptamer and the selected target 
molecule. 

1 17. The method of claim 1 13 wherein the single sjnthetic nucleotide molecule 
25 comprises an aptamer-cffector conjugate that specifically recognizes the selected target 

molecule and is capable of forming a single discrete structure comprising the apiamer- 
effector conjugate and die selected target molecule. 

1 18. The method of claim 116 wherein the selected target molecule comprises an 
30 effeaor molecule. 

119. The method ol" claim 113 wherein the single s>-ntheuc nucleotide molecule 
comprises a catalstic nucleotide that recognizes a catalytic recognition parmer comprising the 
selected target molecule. 



35 



120. The method of claim 113 wherein the single syntheuc nucleotide molecule 
comprises a shape-specific probe thai specifically recognizes a surface feature of a 
specifically attractive surface. 



:S0OCI0: <W0 9M0169AI J.> 



wo 99/60169 



PCT/US99/11215 



- 270 - 

121. The method of claim 113 wherein the signal is detected \ia optical 
microscopy. How c\iometr> or detection of a photon emitted b>- a signal-generating species. 

122. The method of claim 113 wherein the signal is detected by single-molecule 
5 detection via scanning probe microscopy. 

123. The method of claim 113 further comprising amplifying the single synthetic 
nucleotide molecule or determining the nucleotide sequence of the single sxTitheuc nucleotide 
molecule. 



10 



15 



124. A method for identifying a specifically aitracu\ e surface feanire composing: 

(a) contacting a surface librar\- with a selected shape-specific recognition partner; and 

(b) detecting attachment of the selected shape-specific recognition partner to a 
specifically aitfacii\ e surface feature of the surface library-. 

125. The method of claim 124 wherein the shape-specific recognition partner is 
detectably labeled. 

126. The method of claim 124 wherein attachmeni is detected by single-molecule 
20 detection. 

127. The method of claim 126 wherein single-molecule detection is performed by 
scanning probe microscopy. 

25 128. An immobilized mulumolecular suucture comprising a solid support and a 

multimolecular stnicture immobilized to the solid support wherein the muliimolecular 
sirtjcture is selected from the group consisting of aptameric multimolecular devices, 
heteropolymertc discrete sirtictui«s. multivalent heteropolNmenc hybrid structures, synthetic 
heteropolymers, tethered specific recognition devices, paired specific recognition devices, 

30 nonaptam'eric multimolecular de^■ices, multivalem molecular stnictures, multivalent impnnts. 
and multimolecular drug delivery systems. 

1 29. A multimolecular drug delivery system comprising a multimolecular strucnire 
selected from a group consisting of aptameric mulumolecular devices, heteropolymeric 
35 discrete suTictures, multivalent heteropolymeric hybrid structures, synthcuc heteropolymers, 
tethered specific recognition devices, paired specific recognition devices, nonaptameric 
multimolecular devices, multivalent imprints, and immobilized mulumolecular delivery 
systems wherein the mulumolecular stnictiirc contains a synthetic receptor that specificalh 
recognizes a drug or a selected target 
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